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FOREWORD 


N ickel Past and Present, a paper by 
Robert C. Stanley, president of The 
International Nickel Company of Canada, 
Limited, was presented at the Second Mining and 
Metallurgical Congress, held in Canada in 1927 
under the auspices of The Canadian Institute of 
Mining and Metallurgy and published in the 
Bulletin of the Institute. The paper deals with nickel, 
a most important factor in Canada’s mineral pro- 
duction, since the richness eind quantity of her 
nickel ores have made Canada the world’s chief 
source of supply of the metal. 

During the last few years additional information 
has become available and much progress has been 
made in the nickel industry. 

Permission to publish this amplification of the 
original paper, with complete revision of the sec- 
tions on uses and markets, has been granted by the 
Canadian Institute of Mining and Metallurgy. 
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EARLY HISTORY 


P ROBABLY the first use of nickel by man was in the fashion- 
ing of implements, and later swords, from nickel-bearing 
meteorites, masses of metal that have fallen from time to time 
at many points on the earth’s surface and which consist normally 
of iron carrying substantial amounts of nickel. 

Meteorites were perhaps the first metal known to man. The 
falling star, sought out with fear overborne by curiosity, was found 
to be a better stone than the earth-given, truly a boon from the gods. 
Archaeologists tell us there is good evidence that the ancient oriental 
peoples learned at an early date to make these stones into useful 
implements. 

The invincible blades of the great warriors of old in China, 
Persia, aind in northern Europe, were Heaven-sent, a fable which 
sounds significant of meteoric iron. Probably some of the ancient 
swords of Khorassain amd of Damascus were of meteoric nickel- 
bearing iron (^). 

Fifty centuries were to pass before men learned to isolate nickel 
and add it to iron to produce the same alloy for much the same 
purpose. 

Meanwhile, man had found another natural alloy of nickel, 
known first to the Chinese as paktong or ‘white copper.’ It was 
obtained from complex copper-nickel sulphide ores of Yuimam in 
southern China. This metal was brought by caravan through India 
into Bactria, a country north of the Hindu-Kush mountains, in what 

(^) Zmuner, G. F., Join. Iron & Steel Inst., 1916 (2) , p. 306. 
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is now known as Russian Turkestan. The earliest specimen extant 
is a Bactrian coin attributed to 235 B.C. 

The rough reddish-white metal was also sent in the form of 
triangular rings to Canton, where zinc ores were added and the 
whole smelted to a more malleable alloy, also known later as Pak- 
tong. This alloy was the forerunner of German- or nickel-silver. 
Specimens of this alloy, wrought into ornamental candlesticks and 
boxes, were brought from Canton to Europe by the East India 
Company in the early days of the China trade. Paktong was highly 
prized for its beauty as well as its eastern origin in far-away China. 
By 1760 the unwrought metal was imported into England for do- 
mestic manufacture. 

While English craftsmen were attempting to rival the delicate 
Chinese workmanship in the strange new metal, miners in Sweden 
and in Germany were discarding quantities of its mother ore. At 
Schneeberg, in Saxony, where from times immemorial silver and 
copper mines had existed, fresh lodes of ore were laid open, so 
glittering and full of promise as to cause the greatest excitement. 
After innumerable trials, and endless labour, instead of a useful 
metal, ductile, malleable, and indestructible by fire, all that could 
be obtained from the ore was, a worthless metal, brittle and friable 
under the hammer (^). In disgust, the superstitious miners named 
the ore kupfer -nickel, after ‘Old Nick’ sind his mischievous gnomes, 
who were supposed to have plagued the miners and bewitched 
the ores. 

After wrestling for five years with a similar ore from Helsing- 
land, Cronstedt in 1751 succeeded in extracting a new element 

(1) Bonnin, A., Tutenag and Paktong; Oxford University Press, 1924. 
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which he named nickel. Wherever the news spread the name tena- 
ciously clung to the new element. In all languages its name re- 
mains nickel. 

Cronstedt’s results were challenged hy a number of experi- 
menters until, in 1775, after a laborious series of investigations, 
Bergman confirmed them. Almost thirty years elapsed before Rich- 
ter produced the first pure nickel. Bearing in mind the difiiculties 
under which work had to be carried out in those days, Richter’s 
description of the properties of nickel in 1804 is a marvel of 
accuracy (^). 

It was not until after Cronstedt’s discovery and Bergman’s work 
that von Engestrom in 1776 discovered nickel in the famous pak- 
tong (^). For a time, manufacturers had visions of great profits 
from a domestic paktong. An arms factory at Suhl, near Erfurt 
in Germany, succeeded in recovering copper-nickel from the slag 
dump of an old copper works to form a white alloy for gun fur- 
niture. The struggle with the obstinate ore went on for fifty years 
before a satisfactory imitation of paktong was produced. 

In 1824, the brothers Henninger, of Berlin, placed the first 
imitation paktong on the market. About the same time, Geitner of 
Saxony produced a similar white metal which he named argenian. 
In 1830, one Guiticke brought from Berlin to Sheffield, England, 
a sample of the synthetic silver-like metal. The generic term for 
these alloys thereafter became German-silver. 

The refining of nickel in England dates from the year of 
Guiticke’s visit. The first efficient substitute for paktong known in 
England was Merry’s metal blanc, produced at Birmingham in 

(1) Hadficld, R. A., Alloys of Iron and Nickel; Minutes of the Proceedings of 
bst. Gvil Eng., 138, 1-167, 1899. 
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1832 by Henry Merry and Charles Askin, the latter one of the 
founders of the present firm of Henry Wiggin & Company, Ltd. 
Many German-silver paktongs were soon flourishing under a vari- 
ety of trade names, including electrum, produced by Messrs. 
Topping of London, about 1850. As production increased and the 
composition of the alloy became a matter of common knowledge, 
less paktong was imported from the East. 

The advent of electroplating made an important change in the 
uses of nickel. One of the first commercial applications of Fara- 
day’s great discovery of obtaining electricity from magnetism was 
in the use of an electroplating machine constructed by Prime & 
Company, of Birmingham, in 1844. Electroplating had a twofold 
efiFect on nickel: one in introducing silver-plated ware with a 
German-silver base, in competition with the more expensive Sheffield 
plate; and the other, nickel plating itself. Of the two, silver plating 
on German-silver was the more important, and the practice then 
established remains today one of the prominent uses of nickel. 

Although Boettger, as early as 1843, discovered that a bright 
electro-deposit of nickel could be produced using nickel ammo- 
nium sulphate, the difficulty of obtaining the metal for anodes in 
a sufficiently pure state effectively prevented commercial develop- 
ment of nickel plating until about 1870. This use of nickel, although 
the best known, has at no time been of more than secondary im- 
portance. A small quantity of nickel, if spread in gossamer thin- 
ness, will make a large display. 

During the first fifty years of active work with nickel, German- 
silver, later known as nickel silver, was almost the only form in 
which nickel was used commercially. In 1850, the Swiss Govern- 
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ment decided to use German-silver as the carrier of real silver in 
token-money coinage. There was great difficulty in both smelting 
and rolling the alloy. The coins were too hard to take a good im- 
pression, and lacked lustre. 

In 1859, a Belgian commission on currency reform effectually 
assailed the theory, then prevailing, that the intrinsic value of token 
money must approximate its nominal value. Consequently, after a 
thorough investigation of various compositions, a seventy-five — 
twenty-five copper-nickel alloy was recommended on the basis of 
economy as well as appearance and workability. Belgium adopted 
this composition in 1860. The United States, which in 1857 had 
substituted an eighty-eight — ^twelve copper-nickel composition for 
the heavy copper penny, adopted a seventy-five — ^twenty-five com- 
position in 1865. Germany did likewise in 1873, and Switzerland 
in 1879. Pure nickel coinage did not appear until 1881, largely 
due to lack of knowledge of the malleability of pure nickel. 

The great contribution of Joseph Wharton to the metallurgy 
of nickel was the first production, in 1865, of malleable pure 
nickel. Up to that time nickel had been employed only in alloys. 
Wharton carried out the earliest experiments which were successful 
in producing nickel in a pure malleable condition, susceptible of 
being worked under the hammer. In 1873, he sent to the Vienna 
Exposition samples of nickel forgings, and at the Exhibition in 
Philadelphia, in 1876, he displayed a remarkable series of objects 
made of wrought nickel. These were also exhibited in Paris in 1878. 

The same year Fleitmann patented the method of obtaining 
malleability by adding small amounts of magnesium to the melt. 
He later patented the use of manganese for the same purpose. Nickel 
so treated was rolled into sheets and drawn into wire. Fleitmann 
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also succeeded in rolling sheet nickel upon iron, and also upon 
steel plates, much as silver is rolled on copper in making Sheffield 
plate. These developments led to the manufacture of nickel culinary 
ware, and here again Fleitmann at Schwerte, Ruhr, was the pioneer 
in what has become an active and extensive industry. 

Until the mining of nickel ores on the island of New Caledonia 
got well under way, about 1877, ores were sought aU over the world 
— in China, South Africa, and South America. The supply of nickel 
was so scant that ores containing as little as one per cent, of nickel 
were profitably worked. The sources of nickel in Europe were at 
first chiefly the arsenical and silicate ores of the mines in Saxony, 
where, as already stated, kupfer-nickel had been discovered and 
named before the isolation of the metal in 1751. By 1873 these 
mines were sufficiently prosperous to employ 1,200 men in the 
mines and smelters. Some ores were also obtained in France and 
Sweden. 

In Great Britain, nickel-sulphide ores were mined in Cornwall 
from 1852 onward, and also in Scotland and in Wales. In the 
Russian Ural mountains, nickel-serpentine (garnierite) deposits 
were worked as early as 1866, with a small production at various 
times. Mines containing similar ores in Italy, Spain and Austria, 
were actively producing in the ’seventies. 

In Norway, mining of pyrrhotite-chalcopyrite ores, similar to 
those of Sudbury, Canada, began in the ’forties and reached its 
greatest importance in the period 1870-1877. Norway controlled 
the nickel market prior to the advent of New Caledonia as a 
producer. 

In the United States, mines were worked in Connecticut, 
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Missouri, and Pennsylvania. The pyrrhotite ores of Litchfield 
county, Cormecticut (^), discovered in 1661, were shipped to China 
about one hundred years later, and in 1818 to Englan d. The ores of 
Mine La Motte, Missouri (^), worked hy French explorers as early 
as 1719, were shipped to nickel refiners in England about 1830- 
1850. They failed to become a prominent factor, however, due to 
difficulty in separating nickel from lead. The important mine in the 
United States was at Lancaster Gap, Pennsylvania (*). Nickel ore 
from this mine was not treated until 1850, although the mine had 
been worked previously for copper. Refining was first started in 
Philadelphia, but operations were transferred to Camden, New 
Jersey, in 1853. Joseph Wharton leased the Camden works in 1863 
and purchased them in 1869. 

By 1887, the competition of New Caledonian ores had brought 
all other nickel mining, save that in Norway, to a standstill. Gamier 
had discovered the New Caledonian deposits in 1865, but their 
momentous value and extent were not realized until the geological 
survey reports were published in 1874. During the next fifteen 
years. New Caledonia was the principal source of nickel for an 
enormously increasing demand. 

The occurrence of nickel ore in Canada was reported as early 
as 1848. In the Sudbury district, the first authentic discovery was 
recorded about 1856. At that time the coimtry was a vast wilder- 
ness, and it was not until the advent of the railway, twenty-seven 
years later, that clearing and exploration began, Sudbury was at 
that time the terminus of the Canadian Pacific Railway, from which 
point construction was being pushed westward. In the coiurse of this 

(1) Blake, W, P., U, S. Geological Survey, 1883, pp. 399-407. 

(2) Keyes, C. R., Missouri Geological Survey, 1894, vols. 6, 7, and 9. 

(®) Blake, W. P., Trans. Amer. Inst. Min. Eng., 1883, XI: 274-281. 
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work a cutting was made which passed through an outcrop of copper 
ore that was later to be the Murray mine. Prospectors after copper 
immediately flocked into the surrounding country, and a very large 
number of claims were staked. The rich copper-ore discoveries 
made on the line of the Canadian Pacific stimulated Samuel J. 
Ritchie, who had built the Central Ontario Railway, to go to Ottawa 
in search of tonnage for his railway. He soon became interested 
in, and purchased the holdings of McAllister, Metcalf, Frood, 
Creighton, McConnell and later the Evans and Crean Hill proper- 
ties, which led to the organization in 1885 of the Canadian Copper 
Company, with Mr. Ritchie as its first President. 

When mining operations were begun the owners were still un- 
impressed by the presence of nickel in the ore. Colonel R. M. 
Thompson of the Orford Copper Company at Constable Hook, New 
Jersey, contracted to smelt the ore but he soon found that the 
copper would not come out. All that could be obtained was a worth- 
less alloy — a repetition of the experience of the German miners 
a century previous. 

While Colonel Thompson was wrestling with the problem of the 
separation of the nickel and copper, which was subsequently solved 
by the Orford, and later by the Mond process, Mr. Ritchie had to 
face the problem of creating a market for his nickel. The World’s 
annual consumption of nickel, in 1889, was four thousand tons, 
whereas the rich ores of his Canadian mines were ready to turn out 
twice that amount. The price, which had been $1 a pound or more 
when the Canadian deposits were first opened up only a few years 
before, had shrunk to 65c by 1889. (See Chart 2, page 75.) The 
market was heavily over-stocked. German-silver, electroplating and 
coinage were practically the only uses for the metal. The future of 
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the Canadian industry depended upon the extension of the market 
by finding new uses for nickel. 

At this juncture Mr. Ritchie recalled an experience some years 
before in Washington. He had met there John Gamgee, an English- 
man, who had interested the Government in the building of a re- 
frigerated hospital ship for treatment of yellow-fever patients in 
the Gulf ports. Gamgee investigated simmonia refrigerating ma- 
chines but soon found that cast iron would not hold compressed 
ammonia gas. He tried all kinds of alloys. Then, going one day 
through the Smithsonian Institute with Mr. Ritchie, he saw some 
nickel-iron meteorites and decided to try such an alloy. Mr. Wharton 
furnished some nickel with which Gamgee produced a very superior 
nickel-iron alloy which held the gas. Gamgee’s ship was never built 
but he had demonstrated the possibilities of nickel-iron alloys. Of 
aU the possible uses, nickel-iron alloys caught Mr. Ritchie’s im- 
agination as the most promising. Faraday had alloyed nickel and 
iron in 1820. Wolf, Liehig, Fairbaim, and Thurber had called 
attention to the properties of these alloys. Sir Henry Bessemer in 
1858 had tried to produce “meteoric-iron gims.” Parkes, of 
Birmingham, had patented nickel-iron alloys in 1870. 

Mr. Ritchie wrote to the famous gun-maker Krupp, at Essen, 
telling him of the remarkable corrosion-resistant alloy Gamgee had 
produced, and asking him about the possible use of nickel-iron in 
gun manufacture. In the reply from Krupp the matter was treated 
lightly and the belief expressed that there was not a sufficient quan- 
tity of nickel in the world to warrant experiments looking to any 
extended use of the metal. However, nickel-iron alloys were being 
thoroughly investigated at that time. The appearance of chrome- 
steel projectiles made in France about 1886, had shown high pene- 
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tration against wrought iron and compound armour plate, the best 
protection then known by the leading navies. 

Marbeau, of La Societ6 Ferro-Nickel of Paris, had attracted 
the interest of British armour plate manufacturers by his produc- 
tion of ferro-nickel and nickel steel at the Montataire works in 1885- 
1887 and James Riley, manager of Tennant & Sons Steel Com- 
pany of Glasgow, was commissioned to investigate. His results were 
presented in his now famous paper in 1889, on “Alloys of Nickel 
and Steel.” In the discussion of the paper, J. F. Hall of Sheffield, 
reported independent work confirming Mr. Riley’s results, 

Mr. Ritchie brought this report to the attention of the Secretary 
of the Navy of the United States. Its importance was immediately 
recognized. Lieutenant B. H. Buckingham, of the United States 
Navy, and Sir Charles Tupper, of Canada, accompanied Mr. Ritchie 
abroad to gather further information. They visited a number of the 
leading steel and ordnance makers in Great Britain and Europe, as 
well as the principal companies engaged in the production and refin- 
ing of nickel. They found all very much aware of the importance of 
nickel, and several who were obviously desirous of gaining control 
of the new deposits or their output. 

As a result of the reports on this investigation, the United States 
Navy ordered a nickel steel plate and a plain steel plate from Le 
Creusot works of Schneider and Company in France, and also a 
plain steel plate such as was then used by the British Navy, from 
Cammell and Compeuiy of Sheffield. At the trial of these plates in 
1891, the nickel steel proved decisively superior. The results were 
immediately of great interest all over die world. The United States 
Congress appropriated a large sum of money for the purchase of 
nickel, to be used in making nickel steel armour plate for its navy. 
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The next ten years witnessed intensive research into the proper- 
ties and treatment of nickel steels. By 1900, there was available to 
engineers much sound and useful information, as evidenced by 
Hadfield’s exhaustive paper before the Institute of Civil Engineers, 
in 1899, on “Alloys of Nickel and Iron.” 

Soon the exacting requirements made necessary additional 
studies of steel applications and properties. In detail of knowledge 
and in care of procedure, these studies added a further important 
fund of information on the nickel steels. Second to ordnance, and 
growing simultaneously with it, came bridge building, and then 
the automotive uses of nickel steel. 

This condition continued without a break up to the beginning of 
the World War in 1914. German-silver, nickel plating, pure nickel 
and copper-nickel coinage, though consuming large quantities of the 
metal, had become relatively of less importance than in former 
years as a result of the increasing demand for nickel for the great 
navies, and for ordnance, bridge building, and the automobile. 

The war created an unparalleled demand for the metal. The 
Canadian mines extended their resources to the utmost to furnish 
nickel for the Allies, and every effort was made to speed up pro- 
duction. Industrial uses were neglected in order that ordnance de- 
mands might be supplied. Germany commandeered nickel cooking 
utensils and nickel-bearing coinage. Old German mines were re- 
opened. These, with the added production until 1916 from Norway, 
were Germany’s sources of supply. 

The Armistice in 1918 brought to a close a four-year period 
of high-pressure production. It also brought to a close a longer 
period of about fifteen years, during which the steadily increasing 
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prosperity of the industry had been based largely upon building 
great navies and equipping great armies. The effect of the armis- 
tice was not fully realized until the completion of war contracts 
in 1920. The graph of annual nickel production is a mute witness 
to the heavy deflation of 1919-1921. (See Chart 1, page 75.) The 
total world production of nickel feU back to what it had been about 
1900. 

With the close of the war the nickel industry faced the prob- 
lem of creating new markets. Once before adequate uses for nickel 
had been developed where there seemed to be none. The conditions 
at the end of the war were similar to those confronting Mr. Ritchie 
in 1889. The nickel producers realized that their efforts must again 
be centred on a well directed, vigorous search for uses of nickel. 
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T he present industrial era is one of unprecedented engineering 
activity and technical research, — a legacy in part from the 
war, — ^which may be characterized as the period of market 
development and stabilization in the industries of peace. Certainly, 
urgent military-engineering requirements — airplanes, submarines, 
gas-warfare equipment, etc. — stimulated to a high pitch all the 
engineering thought and activity of the nations. The war period 
achievements of research and invention spread to all industries and 
the momentum of this activity has not subsided since the war. It 
has been effectively applied to the problems in reconstruction of 
industry arising out of the disturbing depression that immediately 
followed the war. 

With reconstruction came rapid development of improved 
machinery and construction of all kinds. There was a demand 
for improved and special materials of construction. There was 
also a new receptiveness on the part of the engineer, almost an 
eagerness, to give careful and constructive consideration to all such 
new materials, an attitude in contrast to that of definite conservatism 
existing before the war. 

This is the soil in which the new nickel market grew and 
flourished. The recovery of nickel consumption probably could not 
have occurred so rapidly except for this exceptionally favourable 
atmosphere of engineering interest and liberalism. 

Many industrial applications of nickel products have been fa- 
voured by this new situation. Some of the more striking examples 
are: the rapid development of nickel-chromium and nickel-chrom- 
ium-iron alloys, used as electric, heat and corrosion-resisting 
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materials; the discovery and use of the remarkable magnetic nickel- 
iron alloys; the development of nickel cast irons; and the increased 
diversity of uses of the non-ferrous nickel alloys. 

Active Interest and Effort of the Nickel Producing Companies 

During the life of the present nickel-producing companies, their 
interest and effort had, up to 1919, largely been directed toward the 
economic production of the metal in rapidly increasing tonnages. 
Only once in the past had their effort been exerted effectually in 
developing the nickel market; namely, during the ’nineties, when 
the industrial use of nickel steel was established for armour plate 
and ordnance. 

When the market thus created collapsed in 1919-1921, the pro- 
ducers realized that their effort must again be directed to the dis- 
covery of new uses for nickel. They saw clearly that the large de- 
mand for war purposes was at an end, and that new industrial fields 
must be found to fill the gap. Since the war, development of a mar- 
ket for nickel has been the dominant activity of the nickel producers. 

Tliis activity has taken all of the usual directions, including in- 
creased sales effort and advertising, as well as increased attention 
to quality of products. One feature however which is new, at least 
within the industry, deserves special mention. This is the creation 
of new uses, and the extension of those already established, by engi- 
neering development and research in the market field. (^) . 

Nickel products are used largely for engineering purposes be- 
cause they possess certain definite and valuable engineering proper- 

(^) The principal nickel producer organized at once a special Department of 
Development and Research, to carry out this effort. 
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ties, often highly special in character. The placing in the hands of 
engineers generally of accurate, detailed information and data on 
the various nickel products, is an important part of the program. 
The principal engineering groups Jind executives are given infor- 
mation on the possibilities of nickel products for use in their designs 
eind constructions. This is done by personal contact, by engineering 
bulletins, and by special articles in the engineering press. 

Another part of this type of activity is the development of new 
and useful products of nickel through research. Many new products 
of nickel are possible, as well as industrial fields of usefulness for 
them. To develop them, the nickel producer must assume the burden 
of the work. An excellent illustration is the case of nickel in cast 
iron. 

Sir William Fairbaim suggested the improvement of cast iron 
by the addition of nickel as early as 1858, and Leon Guillet, in 
1907, described its essential beneficial effects. Yet no industrial 
development based upon these experiments took place. No one was 
interested. 

Not until the nickel producers took up this matter, investigated 
it thoroughly in their laboratories, and demonstrated the value of 
nickel in practical foundry operations, was there any real industrial 
use of nickel for this purpose. At present, some fifteen himdred 
tons of nickel are sold for cast iron yearly, and the use is increasing 
rapidly. 

Influence of the Automotive Industry 

Every metal industry has profited by the phenomenal growth 
during the past twenty years of the automobile industry, and nickel 
is no exception. There has been a rapidly increasing consumption 
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by this industry of nickel in many forms, principally nickel steels 
and nickel plating. Nickel has profited indirectly as well from the 
favourable eifect which automobile development has had on engi- 
neering activity generally, in stimulating search for and considera- 
tion of new materials and in maintaining the present progressive 
and liberal attitude toward new developments. Without doubt, the 
automotive engineer has been the most prominent engineering pio- 
neer in industry. 
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T he diversification of the uses of nickel during the post-war 
period is a remarkable episode in the history of the metal. 
A brief outline of the growth during recent years will be 
of interest. It has already been pointed out that the major use of 
nickel in 1913 was for armour plate and ordnance. In 1933, with a 
greater total consumption, the nickel used throughout the world for 
military and naval purposes was probably not over five per cent, of 
the whole. The large use for war materials has been replaced by 
industrial applications. 

The approximate percentages of the uses of nickel in its present 
(1933) principal diversified industrial applications are summar- 
ized in the following Table I: 

TABLE 1 
World Market 

Approximate Percentages of Nickel Consumed in Its Principal Applications 


Alloy Steels used in Motor Cars, Trucks and Buses 20% 

Nickel Silvers (the present name for German-Silver) and Nickel-Copper Alloys 

for a multitude of uses 18% 

Pure Rolled Nickel in the form of rods, strip, sheets, wire, and tubes, used largely 

in the Radio, in the Chemical Industries, and for Coinage 17% 

Alloy Steels, inclusive of Stainless Steel, used in Railway Equipment, Fapn Im- 
plements, General Machinery, and numerous miscellaneous applications. .. 15% 

Nickel for Plating and as undercoat in Chromium Plating 10% 

Monel Metal used for many Engineering Purposes and for Household Equipment 9"% 

Alloy Cast Irons — Castings of all kinds 4% 

Miscellaneous Uses, including Magnetic Alloys, Nickel Brasses, Nickel Bronzes, 

Nickel-Aluminum Alloys and White Gold 4% 

Heat Resistant and Electrical Resistance Alloys 3% 


Total 100% 


Nickel is commercially available in various forms, as shown 
in the following Table II: 
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TABLE II 

Forms of Nickel Commercially Available 

No. %Ni. Primary Nickel Products 

A 99.90 Electrolytic Nickel of highest grade, for remdting in alloy production 

such as steels, nickel silyers, etc. 

B 99.80 Pellets, for remelting in the production of steels and other alloys. 

C 99.00 25 lb. and 50 lb. pigs, for remelting in the production of steels. 

D 99.00 Shot Nickel, for remelting in the production of alloys. 

E 99.50 Reduced, or grain, Nickel, for solution in acids in nickel salts produc- 

tion. 

F 92.00 Low melting point Shot and Ingot Nickel, for ladle and cupola 
additions to cast irons. 

G 97.00 High carbon “A” Shot and Ingot, for additions to cast irons. 

H 99.50 Nickel rondelles, for remelting in the production of alloys. 

I 56.00 Nickel-Copper-Qbromium pigs, for the production of corrosion resistant 

cast irons. 

J 77.50 Nickel oxide, green and black. 

K 99.00 Nickel anode bars, for nickel plating. 

L 95/97.00 Nickel anodes, for nickel plating. 

M 92/95.00 Nickel anodes, for nickel plating. 

N 20.80 Nickel Sulphate, crystallized, for nickel plating. 

0 14B0 Nickel Ammonium Sulphate, crystallized, for nickel plating. 

P 22.50 Nickel Chloride, for nickel plating. 

Q 44,00 Nickel Carbonate, for catalyst, 

R 50,00 Nickel-Aluminum, for catalyst. 

S 69.00 Monel Metal, in sheets, bars, rods, tubes, wire, strip, ingots, for fabri- 

cating and casting. 

T 99.00 Nickel, in sheets, bars, rods, wire, tubes, strip, castings and special sec- 

tions, for fabrication. 

U 50.00 Copper-Nickel Shot of low melting point, for addition to bronzes. 

V 20.00 Nickel Silver pigs, for castings. 

W 30.00 Nickel-Copper-Iron pigs, for castings (Everbrite) . 

X 99.00 Nickel Powder — 100 mesh and finer, for pressing and sintering of die 

formed shapes. 

Folded in the back of this book (page 75) are three charts. The 
first shows the world’s production of metallic nickel from 1850 to 
1933. The second shows published prices of metallic nickel from 
1840 to 1933. The third shows a comparison between the published 
prices of nickel, copper, lead, zinc and tin, from 1903 to 1933. 
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Growfh of Industrial Uses of Nickel 


THE PRESENT INDUSTRIAL USES OF NICKEL 


o o o o 

CO lO r- o^ 

CO 03 00 00 


i-i oaiooototo 
o o o i—t i-H I— 1 1— I cvi CM csi e<i 

0^ ON On on on On Os On on 


VO O CM CM 

CM N CO crb eO 

On On On on On 


feWWCcE 


0 ^ ‘ 
O 0 p, CO 4^ 

|?§iia 


m. 

*' (VN 00 On to 
bDdW^M O 

C ^ioog§ 00 


s 


iili 


lllsll 

ygpoz 

o 


; • o : 

' CO ijfl . H . r 

6 g • a • , 

■ ' 

cS^ajs^g: 


* WQi ^ *} 


gzsa 


E §!« a « S 

SZCJZZQZ 

o 


CO s o * 

g'-'liiv 

« £s-s 

2 l 3 l, 

; 2 ; 5 *Ss 

hJCO t 


29 




NICKEL— PAST AND PRESENT 


If we take the arbitrary classification of Table III (‘) as a basis 
of analysis, we note a series of twenty definite classes of nickel 
products and applications in use today, as compared with the eleven 
in 1918 and four in 1900. Furthermore, there is, within several of 
these industrial classes, a much greater diversification today than 
ever before, particularly in nickel steels, nickel cast irons, nickel- 
chromium alloys, nickel-copper alloys. Monel Metal and malleable 
nickel. 

It is thus obvious that nickel has a very wide field of application. 
There are probably few metals with so great a variety of uses. Fur- 
thermore, these nickel products have taken their place as recognized 
standard materials with a constantly increasing industrial demand. 

A few words may be said concerning these different groups of 
industrial nickel products, with particular reference to the more 
recent developments and to the engineering reasons for their use. 

WROUGHT NICKEL STEELS 

Nickel steels comprise the largest tonnage of industrial nickel 
products. Although the detail of their use has changed consider- 
ably during the past fifteen years, in consequence of the reduction 
in use in armour plate and ordnance, the nickel steels have always 
been of first importance. 

Tables IV and V show the standard classification of the Amer- 
ican nickel, nickel-chromium, nickel-molyhdenum and nickel-chro- 
mium-molybdenum steels by chemical composition, as adopted by 

(^) Some of the details in this table must be accepted as rather rough approxima- 
tions, made for the purpose of presenting a clear and simple picture of the nickel market, 
past and present. 
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the Society of Automotive Engineers, The requirements of the 
automotive industry have heen so well covered by these specifica- 
tions that for many years no major changes or additions were found 
to be necessary. 


TABLE IV 

Composition of S.A.E. Nickel Steels 


S.A.E. 
Steel No. 


Manganese 

Range 

Phosphorus 

Max. 

Sulphur 

Max. 

Nickel 

Range 

2015 

0.10-0.20 

0.30-0,60 



0.40-0.60 

2115 

0.10-0.20 

0.30-0.60 

mssM 


1.25-1.75 

2315 

0.10-0.20 

0.30-0.60 

0.04 

0.05 

3.25-3.75 

2320 

0.15-0.25 

0.30-0.60 

0.04 

0.05 

3.25-3.75 

2330 

0.25-0.35 

0.50-0.80 

0.04 

0.05 

3.25-3.75 

2335 

0.30-0.40 

0.50-0.80 

0.04 

0.05 

3.25-3.75 

2340 

0.35-0.45 

0.50-0.80 

0.04 

0.05 

3.25-3.75 

2345 

0,40-0.50 

0.50-0.80 

0.04 

0.05 

3.25-3.75 

2350 

0.45-0.55 

0.50-0.80 

0.04 

0.05 

3.25-3.75 

2512 

max, 0.17 

0.30-0.60 

0.04 

0.05 

4.75-5.25 


The rapid increase in popularity of the nickel-molybdenum 
and nickel-chromium-molybdenum steels during the past few years 
has made their inclusion desirable and the Society therefor pro- 
poses to add the seven steels distinguished by asterisks in Table V to 
the existing specifications. 
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TABLE V 

Composition of S.A.E. Nickel-Chromium, Nickel-Molybdenum, and 
Nickel-Chromium-Molybdenum Steels 


S.A.E. 

Steel 

No. 

Carbon 

Range 

Manganese 

Range 

Phos- 

phorus 

Max. 

Sul- 

phur 

Max. 

Nickel 

Range 

Chromium 

Range 

Molyb- 

denum 

Range 

3115 

0.10-0.20 


0.04 

0.05 




3120 

0.15-0.25 


0.04 

0.05 




3125 

0.2(M).30 


0.04 

0.05 




3130 

0.25-0.35 


0.04 

0.05 




3135 

0.30-0.40 


0.04 

0.05 




3140 

0.35-0.45 


0.04 

0.05 




X3140* 

0.35-0.45 


0.04 

0.05 




3145 

0.40-0.50 


0.04 

0.05 




3150 

0.45-0.55 


0.04 

0.05 




3215 

0.10-0.20 


0.04 

0.045 


0.90-1.25 


3220 

0.15-0.25 


0.04 

0.045 


0.90-1.25 


3230 

0.25-0.35 


0.04 

0.045 


0.90-1.25 


3240 

0.35-0.45 


0.04 

0.045 


0.90-1.25 


3245 

0.40-0.50 


0.04 

0.045 


0.90-1.25 


3250 

0.45-0.55 


0.04 

0.045 


0.90-1.25 


3312 

max. 0.17 


0.04 

0.045 

3.25-3.75 

1.25-L75 


3325 

0.20-0.30 


0.04 

0.045 

3.25-3.75 

1.25-1.75 


3335 

0.30-0.40 


0.04 

0.045 

3.25-3.75 

1.25-1.75 


3340 



0.04 

0.045 

3.25-3.75 

1.25-1.75 


3415 



0.04 

: 0.045 

2.75-3.25 

IlilliBl 


3435 



0.04 

0.045 

2.75-3.25 



3450 



0.04 

0.045 

2.75-3.25 



4340* 



0.04 

0.05 



0.30-0.40 

x4340* 



0.04 

0.05 



0.30-0.40 

4345* 



0.04 

0.05 



0.15-0.25 

4615 



0.04 

0.05 




4620* 

0.15-0.25 


0.04 

0.05 




4640* 



0.04 

0.05 




4815* 



0.04 

0.05 

3.25-3.75 



4820* 

0.15-0.25 


0.04 

0.05 

3.25-3.75 




♦Tentative specifications, 

x4340 denotes an electric furnace steel, whereas 4340 is intended to apply to open 
hearth steel 


The silicon is 0,15-0.30 for basic open hearth, and 0.15 min. for electric furnace and 
acid open hearth steels. 
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The following Tables VI to XIII give the compositions of some 
of the principal British, German, French and Italian nickel, nickel- 
chromium and nickel-chromium-molybdenum steels: 


TABLE VI 

Composition of British Nickel Steels 


Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Nickel 

Range 

max. 0.15 

0.20-0.60 

0.050 

0.050 

2.50-3.50 

max, 0.15 

max. 0.40 

0.050 

0.050 

4.50-6.00 

0.03-0.14 

max. 0.35 

0.050 

0.050 

4.60-5.20 

0.10-0.15 

0.20-0.60 

0.050 

0.050 

2.75-3.50 

0.10-0.15 

max. 0.40 

0.050 

0.050 

4.75-5.50 

0.25-0.35 

0.35-0.75 

0.050 

0.050 

2.75-3.50 

0.35-0.45 

0.80-1.20 

0.050 

0.050 

0.90-1.10 

0.35-0.45 

0.50-0.80 

0.050 

i 0.050 

i 

3.25-3.75 


These steels may contain up to 0.30 chromium, except the third steel, which is 
limited to 0.10, 

Silicon content 0.30 max. 


TABLE VII 

Composition of British Nickel-Chromium and 
Nickel-Chromium-Molybdenum Steels 


Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Nickel 

Range 

Chromium 

Range 

Molybdenum 
Range (*) 

0.08-0.14 

0.30-0.60 

0.050 

0.050 

3.25-3.75 



0.14-0.18 

0.35-0.45 

0.050 

0.050 

4.00-4.50 



0.22-0.28 

0.35-0.65 

0.050 

0.050 

2.75-3.50 


.65 max. 

0.25-0.32 

0.35-0.60 

0.050 

0.050 

3.75-4.50 


.65 max. 

0.25-0.35 

0.45-0.70 

0.050 

0.050 



.65 max. 

0.35-0.42 

0.45-0.65 

0.050 

0.050 

1.25-1.75 

0.75-1.25 



* Optional. 

Silicon content 0.30 max. 
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TABLE VIII 

Composition of German Nickel Steels 


Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Nickel 

Range 

0.10-0.17 

Up to 0.50 



1.25-1.75 

0.10-0.17 

0.40-0.50 



3.00-3.50 

0.10-0.17 

0.40-0.50 



4.90-5.30 

0.25-0.35 

0.40-0.60 



2.90-3.30 

0.25-0.35 

0.60-0.80 



4.90-5.30 


Nickel Steels and Nickel Qiromium Steels may contain, in addition, up to 0.75 
Molybdenum. 

Silicon content 0.35 max. 


TABLE IX 

Composition of German Nickel-Chromium Steels 


Carbon 

Range 

Manganese 

Range 

Phosphorus 

Maximum 

Sulphur 

Maximum 

Nickel 

Range 

Chromium 

Range 

0.10-0.17 

Up to 0.50 


0.035 

2.25-2.75 

0.55-0.95 

0.10-0.17 

Up to 0.50 


0.035 

3.25-3.75 

0.55-0.95 

0.10-0.17 

Up to 0.50 


0.035 

4.25^.75 

0.90-1.10 

0.20-0.27 

0.40-0.80 


0.035 

3.25-3.75 

0.55-0.95 

0.25-0.32 

0.40-0.80 


0.035 

1.25-1.75 

0.30-0.70 

0.25-0.32 

0.40-0.80 


0.035 

2.25-2.75 

0.55-0.95 

0.27-0.35 

0.40-0.80 


0.035 

3.25-3.75 

0.55-0.95 

0.30-0.40 

0.40-0.80 


0.035 

4.25-4.75 

1.10-1.50 

0.32-0.40 

0.40-0.80 

0.035 

0.035 

0.75-1.25 

0.30-0.70 


Nickel Steels and Nickel Giromium Steels may contain, in addition, up to 0.75 
Molybdenum. 

Silicon content 0.35 max. 
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TABLE X 

Composition of French Nickel Steels 


Type of Steel 

Carbon 

Nickel 

Mild 

Up to 0.18 

1.80-2.50 

Case-Hardemng 

Up to 0.18 

3.00-4.00 

Steels 

Up to 0.18 

5.00-7.00 

Semi-Mild f 

0.13-0.23 

1.00-2.00 

Steels 1 

0.15-0.20 

3.00 

0.15-0.20 

5.00 

' 

0.20-0.30 

2.80-3.50 

Semi-Hard 

0.20-0.35 

5.00 

Steels 

0.23-0.30 

1.70-3.20 

0.25-0.30 

1.00 


0.30-0.40 

1.80-2.20 


Nickel Steels and Nickel Chromium Steels may contain, in addition, up to 0,75 
Molybdenum. 


TABLE XI 

Composition of French Nickel-Chromium Steels 


Type of Steel 

Carbon 

Nickel 

Chromium 


0.08-0.12 

2.00-3.50 

0.60-1.00 

Mild 

0.10-0.16 

4.20-4.50 

1.20-1.60 

Case-Hardening ' 

0.10-0.16 

5.00-6.00 

1.50-2.00 

Steels 

0.10-0.20 

2.50-3.20 

0.50-0.80 


0.15-0.18 

3,50-4.20 

0.65-0.80 


0.15-0.30 

2.60-2.80 

0.60-0.80 

Semi-Hard 

Steels 

0.20-0.30 

3.50-4100 

0.30-0.65 

0.25-0.35 

2.70-3.50 

0.60-1.30 

0.30-0.35 

2.50-3.00 

0.60-0.80 


0.33-0.45 

0.80-2.40 

0.50-1.00 

f 

0.40-0.55 

2.70-3.50 

0.60-1.50 

Hard J 

0.50-0.65 

1.30-1.70 

0.60-0.80 

Steels 1 

0.60 

2.60-2.80 

1.40-1.60 

1 

0.60-0.65 

2.60-2.80 

0.70-0.80 

Self- f 

Hardening < 

Steels 1 

0.12-0.16 

5.50-6.00 

1.50-2.00 

0.15 

0.20-0.25 

5.00 

1 4.70-6.00 

1.00 

1.30-2.00 

0.28-0.40 

3.50-5.00 

1.20-2.00 


Nickel Steels and Nickel Chromium Steels may contain, in addition, up to 0.75 
Molybdenum. 
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TABLE XII 

Composition of Italian Nickel Steels 


Carbon 

Nickel 

0.10-0.15 

0.50 

0.10-0.15 

2.00 

0.10-0.18 

3.00-3.50 

0.10-^.20 

5.00 

0.20 

3.00 

0.20 

4.50-5.50 

0.20-0.30 

3.00 

0.20-0.30 

5.00 

0.25-0.35 

2.00 

0.25-0.40 

1.00-2.00 

0.30-0.40 

3.00 


Nickel Steels and Nickel Cbromium Steels may contain, in addition, up to 0.75 
Molybdenum. 


TABLE Xlil 

Composition of Italian NickeLChromium Steels 


Carbon 

Nickel 

Chromium 

0.08-0.16 

2.50 

0.75 

0.08-0.16 

3.50 

0.75 

0.08-0.16 

4.50 

1.20 

0.10-0.20 

3.00 

0.70 

0.15-0.20 

2.75-3.25 

0.80 

0.20-0.30 

2.50 

0.50 

0,25-0.30 

1.00 

1.00 

0.25-0.40 

2.00 

1.00 

0.30 

3.00 

1.00 

0.30-0,40 

2.50 

0.70 

0.30-0.40 

4.50 

1.50 

0.45 

3.00 

1.50 

0.50-0.60 

1.50 

0.80 


Nickel Steels and Nickel Chromium Steels may contain, in addition, up to 0.75 
Molybdenum. 
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There are other nickel steels, not included in the foregoing 
tables, which find important uses in industry. These include the low 
carbon 2% or 2^% nickel steels for boiler plate, also welded 
pressure vessel construction for operations at low temperatures, and 
the low carbon 2%% nickel steels for railroad forgings. 

Industrial applications are found also for a variety of complex 
nickel-containing steels with different proportions of chromium, 
molybdenum, vanadium, etc., to meet special requirements. 

The dependability, high strength and dynamic toughness of 
these steels, which can be further enhanced By appropriate heat 
treatments, have led to their being used in practically all the princi- 
pal industrial fields, to mention briefly only the following: 

Automotive and Aviation Industries. — ^For rear axles and trans- 
mission gears, rear and front axles, crank and cam shafts, frames, 
roller bearings, silent chains, bolts, connecting rods, steering 
knuckles. 

Heavy Mill Machinery. — ^For hydraulic press columns, cross- 
heads, hammer piston rods, cast and forged rolls, die-blocks, shear 
blades. 

Prime Movers and Power Machinery. — For turbine rotor forg- 
ings, turbine blading, reduction gears, marine crank and turbine 
shafts, pump shafts, roller bearings, chain drive, high-pressure 
steam valve bodies and trim. 

Railways. — ^For locomotive frame castings, forged main and 
side rods, valve gear, axles, roller bearings, boiler plate, boiler 
tubes, staybolts, engine bolts, cast crossings, frogs and switch points. 

Mining and Excavating Machinery. — ^For cast racks and pin- 
ions, cast crusher jaws, forged and rolled shafts, cast and forged 
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gears. Recendy their application to mine cages and cables has 
formed the subject of special studies. 

Tools. — ^For die-blocks, punches, track chisels, band and disc 
saws, oil well drilling-bits, cutters, jaws and couplers, shovels. 

Machine Tools.— Yox shafts and spindles, gears, chains. 

Agricultural Machinery. — ^For cast tractor shoes, sprockets, 
gears, shafts. 

Bridge Construction. — ^For structural plates and shapes, eye- 
bars. 

General Machinery. — ^For heat-treated forgings, gears, axles, 
shafts, chains, roller and ball bearings. 

Military and Naval. — ^For armour and deck plate, gun forgings. 

CAST NICKEL STEELS 

Cast nickel alloy steels fulfill the industrial requirements for 
materials of moderate cost, showing high strength and ductility, as 
well as resistance to shocks, fatigue, and wear. Their compositions 
and heat treatments depend on the size and shape of the castings and 
the working conditions. 

Nickel alloy steel castings are produced by many foundries and 
the compositions utilized for particular applications will be found 
to vary somewhat, depending upon the source of manufacture, etc. 
The types most commonly employed at present are given in Table 
XIV and the following notes cover their more important fields of 
applications; 

Steels (1) are especially recommended for locomotive frames; 
castings for mining, excavating and steel mill machinery; ship cast- 
ings and other parts subjected to shock and fatigue stresses. 
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Steels (2) are adapted for miscellaneous railroad castings, 
large gears not subjected to severe abrasion, steel mill machinery, 
crusher frames, tractor and power shovel frames, and other parts 
requiring higher strength and elastic properties than those of the 
steels (1). 


TABLE XIV 

Typical Compositions of Cast Nickel Steels 


No. 

Carbon 

Manganese 

Nickel 

Chromium 

Molyb- 1 
denum 

1 

Vanadium 

1 

Max. 0.20 

0.60-0.90 

Min. 2.00 




2 

0.20-0.30 

0.70-1.00 

Min. 2.00 




3 

0.20-0.40 

1.00-1.25 

0.75-1.25 




4 

0.30-0.40 

0.75-0.85 

1.30-1.50 

0.85-0.95 



5 

0.35-0.50 

0.60-0.80 

1.25-1.75 

0.60-0.90 



6 

0.35-0.50 

0.50-0.75 

2.00-2.80 

0.85-1.10 



7 

0.20-0.30 

0.75-1.00 

1.50-1.60 



0.10-0.12 

8 

0.30-0.35 

0.60-0.80 

1.25-1.50 


0.30-0.35 


9 

0.25-0.35 

0.55-0.85 1 

1.75-2.25 

0.65-0.90 

0.15-0.25 


10 

0.30-0.40 

0.60-0.80 

1.75-2.25 

0.70-0.90 




Steels (3), pearlitic nickel-manganese steels, are used for struc- 
tural castings in tractors, motor trucks, road building machinery, 
electrical machinery, and other highly stressed machine parts. 

Steels (4) are used mainly for oil well tools, sheaves, sprockets, 
tractor shoes, gears, cams and other highly stressed castings. 

Steels (5), oil quenched and tempered, eire used for hardened 
gears, cams, rollers, sprockets and eibrasion resistant castings, such 
as bucket teeth, small crusher jaws, conveyor chain links, etc. 

Steels (6) are particularly suited for highly stressed gears, pin- 
ions, rollers, sprockets, and miscellaneous machine parts of medium 
and large sections. 
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Steels (7) are used for medium- and large-section castings for 
locomotives, rolling mill machinery, etc., highly stressed gears and 
other parts for power shovels and other machinery subjected to 
rugged service. 

Steels (8) are used successfully for highly stressed parts such 
as rolling mill machinery castings, heavy duty gears, pinions of 
large size and mining machinery castings. 

Steels (9), with a wide range of properties obtainable through 
specific heat treatments, are suitable for structural castings demand- 
ing high strength and good ductility. 

Steels (10) are used for castings of high creep resistance and 
strength at elevated temperatures, particularly in power plants and 
oil refineries. 

CORROSION-RESISTANT STEELS 

Early in the history of nickel steels, investigators became aware 
of the corrosion-resistance of steels containing from twenty to thirty 
per cent, nickel. There has been considerable use of such materials 
for various purposes where strength and substantial resistance to 
corrosion are required. More recently, however, chromium-nickel 
corrosion-resistant steels have been developed, particularly the 18% 
dbromium 8% nickel type, which has come into wide use in the 
United States and other countries. This steel, in addition to its 
chemical resistance, has excellent mechanical properties with great 
strength and high fatigue resistance. 

Recently, interesting modifications of this alloy have been made, 
consisting in incorporating small quantities of additional elements 
(titanium, columbium, molybdenum, silicon, tungsten, vanadium, 
zirconium, etc.) for “stabilizing the 18/8 alloys.” 
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Progress in the welding of the 18/8 alloys has contributed 
greatly to the development in the uses of this important type of 
alloy. 

The principal applications for these corrosion-resistant alloys 
are for building trim, household cooking utensils, marine fittings, 
automobile hardware and fittings, power equipment, submarine 
periscope tubes, turbine blading, diemical apparatus and miscella- 
neous parts of out-door equipment. 

HEAT RESISTING AND ELECTRICAL RESISTANCE ALLOYS 

The industrial demand for alloys to resist high temperatures 
has led to the development of a series of appropriate iron-chromium- 
nickel alloys, which are now successfully used in a great variety of 
applications. They are chemically and mechanically stable at tem- 
peratures as high as 1,800° F., are stronger than steels at these tem- 
peratures and resist oxidation. They insure continuity of operations 
in high temperature processes and have become especially valuable 
for carburizing boxes, rabble arms and shoes in metallurgical roast- 
ing furnaces, shafts and discs of continuous annealing and heat- 
treating furnaces, interior construction generally in enameling and 
heating furnaces, retorts and tubes in the chemical industries, and 
for fuel carbonization and heat exchangers. 

The growing electrical industry, especially the electrical heat- 
ing (electric furnaces, domestic heating appliances, and the like) 
required the development of a series of electrical-resistance alloys, 
particularly the nickel-chromium and nickel-chromium-iron alloys, 
the typical examples of which are the Chromels, Nichromes, Bright- 
ray, Dullray and Glowray. They are used mainly in wire form for 
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domestic heating units, toasters, irons, grills, percolators, etc. ; for 
electric heating furnaces; for pyrometers and rheostats. 

At present, there are nearly 100 trade-named heat- and electri- 
cal-resistant alloys. 

NICKEL-IRON ALLOYS 

There are numerous ferro-nickel alloys and they exhibit the 
greatest diversification of characteristics and properties. The best 
known are those of the Invar type and the magnetic alloys. 

Invar Type Alloys . — ^The most useful property of the alloys 
with 30 to 40% nickel is their exceptionally low coefficient of 
expansion. Charles Guillaume of the International Bureau of 
Weights and Measures, Paris, in the search of an alloy of minimum 
coefficient of expansion for a length standard, succeeded in obtain- 
ing an alloy with 36% nickel, which under ordinary changes in 
temperature did not undergo any appreciable dimensional changes, 
hence its specific name of “Invar” (part of the word invariable). 

Improvements in the purity of the alloy and in the heat treat- 
ment have reduced its coefiScient of expansion to a negligible value. 
The United States Bureau of Standards has found that properly 
made Invar tapes will vary less than one part in 500,000 after six 
months use in the field. 

Invar is now used not merely for length standards, but also for 
a series of industrial applications, such as measuring tapes, in in- 
struments requiring fixed distances between points under varying 
temperatures, in the watch making industry, for bi-metallic thermo- 
stats, and, more recently, for light alloy piston struts. 
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The name Invar is applied now quite loosely to the iron-nickel 
alloys with 30 to 40% nickel. 

By adding other elements, related alloys are obtained, the best 
known being “Elinvar” of the composition: 33-35% nickel, 53- 
61% iron, 4-5% chromium, 1—3% tungsten, 0.5—2% manganese, 
0.5—2% silicon, 0.5—2% carbon, and so named because of its in- 
variable elasticity. It is used principally for watch springs and 
other precision instruments. 

Magnetic Alloys . — ^The striking effect of varying percentages of 
nickel on the magnetic behaviour of nickel-iron alloys, has been 
observed from the beginning of the systematic study of these com- 
binations. In 1920, T. D, Yensen of the Westinghouse Electric & 
Manufacturing Company, presented before the American Institute 
of Electrical Engineers a comprehensive review of the magnetic 
properties of these alloys. Since then further research in this field 
has led both to wider use for the older alloys and to the development 
of new combinations with still different magnetic characteristics. 

Among the best known magnetic alloys are “Permalloy,” “Mu- 
Metal,” “Hipemik” and “Perminvar.” Permalloy (typical compo- 
sition: 78.5% nickel and 21.5% iron) has magnetic permeabilities 
at low field strengths, which are many times greater than any hith- 
erto known. The success of this alloy as loading material for sub- 
marine cables is well known. MuMetal is a similar British alloy 
containing 74% nickel, 20% iron, 5.3% copper and 0.7% man- 
ganese. Hipemik, a 50—50 nickel-iron alloy, has its most important 
application in current transformers. Perminvar (45% nickel, 30% 
iron and 25% cobalt) is a magnetic alloy widely used in telephone 
installations. 
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N on-magnetic Alloys . — Contrasted with the above group is a 
series of nickel-steel alloys containing 15 to 25% nickel and fre- 
quently some chromium. These non-magnetic alloys are valuable 
chiefly in electrical machinery on account of their good mechanical 
properties and their freedom from ferro-magnetism. 

Steels containing up to 25% Nickel together with additions of 
Chromium, Timgsten, Molybdenum and Silicon are rapidly gain- 
ing favour where a non-magnetic Steel having high physical prop- 
erties is required. 

NICKEL CAST IRONS 

Among the latest ferrous nickel products are the nickel cast 
irons. For many years something has been known about the effect 
of nickel in grey cast iron, and it was in 1907 that Leon M. Guillet 
presented before the French Academy the results of the first system- 
atic study of the effects of nickel on cast iron. The industrial applica- 
tions of nickel cast irons were greatly limited up to 1925. The 
present development in their uses is the direct result of the technical 
activities of The International Nickel Company of Canada, Limited, 
in this field. 

Although the consumption of nickel for this purpose is still 
small (4% in 1933), it is growing rapidly, and it may be said that 
the manufacture of nickel cast irons appears to offer a substantial 
outlet for nickel in the future. 

Tables XV and XVI, appearing on the following page, give the 
chemical compositions of the commonly used nickel and nickel- 
chromium cast irons. 

The alloy cast irons now find real applications for automobile 
and truck cylinders, sleeves, liners and pistons, pump, steam com- 
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pressor and ammonia cylinders and liners, piston rings, oil and gas 
engine cylinders, hard gears and cams, thin-section manifold cast- 
ings, resistance grids, hardware, machine tool table and bench cast- 
ings, grey iron wheels, flange couplings, etc. 


TABLE XV 

Chemical Composition of Nickel Cast Irons 


Nickel 

Cast Iron 

0.50 

Balance 

0.75 

Balance 

1.00 

Balance 

1.25 

Balance 

1.50 

Balance 

2.00 

Balance 

3.00 

Balance 

5.00 

Balance 


TABLE XVI 

Chemical Composition of Nickel-Chromium Cast Irons 


Nickel 

Chromium 

Cast Iron 

0.75 

0.35 

Balance 

1.00 

0.35 

Balance 

1.25 

0.30 

Balance 

1.25 

0.45 

Balance 

1.25 

0.50 

Balance 

1.75 

0.75 

Balance 

2.00 

0.60 

Balance 

2.50 

0.50 

Balance 

2.75 

0.70 

Balance 

3.00 

1,00 

Balance 
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SPECIAL NICKEL CAST IRONS 

Experimental work during the last few years, carried out by 
The International Nickel Company of Canada, Limited, has resulted 
in the development of three special cast irons: a corrosion-resistant 
cast iron “Ni-Resist,” a strong iron “Ni-Tensyliron,” and a hard cast 
iron “Ni-hard.” 

“Ni-Resist’’ is a nickel-copper-chromium cast iron of the com- 
position range: 2.75-3,10% total carbon, 1.25-2.0% silicon, 
0.1-1.5% manganese, 0,04-0.12% sulphur, 0.04-0.30% phos- 
phorus, 12.0-15.0% nickel, 5.0-7.0% copper, 1.5-4.0% chromium. 
It is corrosion-resistant with good thermal stability and is non- 
magnetic. It is successfully used in a great variety of applications, 
especially for oil refinery equipment, power plant and laundry 
machinery and household appliances. It is also used extensively in 
the chemical, automotive, electrical, refrigeration, brewing, can- 
ning, paper, sugar, salt, soap, ceramics, and allied industries. 

“Ni-Tensyliron” is a nickel-bearing grey cast iron of exception- 
ally high strength having the following composition range: 2.5- 
3.15% total carbon, 0.5-0.9% manganese, maximum 0.15% phos- 
phorus, maximum 0.12% sulphur, 1.20-2.75% silicon, 1.0-4.0% 
nickel, according to the size and thickness of the casting. In some 
special instances, 0.35% to 0.78% chromium or 0.55 to 0.70% 
molybdenum may be added. The tensile strength is between 55,000 
and 88,000 lbs./ sq. in. and the Brinell hardness between 240 and 
320. Typical applications include gears, turbine castings and 
rotors, valves and fittings, sheaves, bushings, pressure housings, 
heavy machinery frames, etc. 

“Ni-Hard^’ is a nickel-chromium cast iron for chilled or white 
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iron castings applications, having the composition range: 2.1-Z.6% 
total carbon, 0.35-0.50% manganese, maximum 0.2% phosphorus, 
maximum 0.12% sulphur, 0.5-1.95% silicon, 4.25-4.75% nickel, 
1.4-1 .6% chromium, with a Brinell hardness up to 700, great 
resistance to wear and deformation, and a lesser susceptibility to 
fracture under loads and shocks than plain chilled iron. Typical 
applications include mill balls, rolls, crushers, grinders, pulver- 
izers, car wheels, plow-shares and the like. 

NICKEL SILVERS 

Nickel silver (German-silver) is one of the oldest established 
uses of nickel and still is a very substantial one. The industrial 
applications of this material have not changed much in recent times. 
There is, however, one development worthy of notice; namely, the 
development of compositions of nickel silver that can be hot worked. 
The hot-rolling varieties are not essentially different from the other 
varieties in their valuable characteristics of appearance, corrosion 
resistance, and ready fabricability, but they offer promise of some- 
what cheaper production. 

The compositions of nickel silver vary within quite broad limits, 
as can be seen by Table XVII appearing on following page. 

There are today on the market more than one hundred and fifty 
trade-named nickel silvers. 

Nickel silvers are widely used as a base for silver plated table- 
ware and filled jewelry, flat keys, plumbing fixtures, architectural 
trim, building and marine hardware, lighting fixtures, and decora- 
tive trim generally. 
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TABLE XVII 

Composition of Typical Nickel Silvers 


Nickel 

Copper 

Zinc 

Oihers 

10 

45 

45 


10 

65 

25 


12 

50 

18 

2 tin, 18 lead 

12 

54 

21 

2.5 tin, 10.5 lead 

12 

62 

26 


15 

40 

45 


15 

50 

35 


15 

64 

21 


18 

58 

24 


18 , 

65 

17 


20 

55 

25 


20 

60 

20 


20 

75 

5 


22 

61 

12 

3 aluminum, 2 lead 

24 

41 

35 


25 

50 

25 


25 

55 

20 


26 

33 

40 

1 iron 

30 

47 

23 


31 

26 

42.5 

0.5 iron 

31 

47 

21 

1 tin 


NICKEL BRONZES 

Historically, it is interesting to mention that a British Patent 
had been issued to G. Ranitzsch as far back as 1891 for an alloy 
containing 67% copper, 20% zinc, 6%) tin, 4% nickel, 3% alumi- 
num, to be used for soles and heels of boots and shoes. 

Perhaps the first application of nickel in the brass foundry was 
its use in high-lead bearing-bronzes, to prevent lead segregation. 
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Such an alloy was introduced by G. H. Clamer, about 1900, in the 
bronze commonly known as “Ajax plastic bronze,” the demand for 
which has grown steadily in recent years. 

A series of trade-named nickel bronzes is now on the market. 

Table XVIII shows the average compositions of the most com- 
monly used bronzes : 


TABLE XVIII 

Composition of Nickel Bronzes 


Nickel 

Copper 

1 

Zinc 

Tin 

Lead 

1 

88.5 


10 

0.5 

1 

84 


2.5 

5.5 

1 

64 


5 

30.0 

3 

87 


4 

1.0 

4 

89 


4 


5 

88 


5 


5 

84 


9 



Soundness, improved toughness and strength at atmospheric and 
steam temperatures are among the effects which make nickel valu- 
able in bronzes. These bronzes are used mainly for valve castings, 
worm gears, bearings, rolling mill housing nuts and ship propellers. 

Experimental work carried out by E. M. Wise and J. T. Eash 
at the Bayonne Laboratory of The International Nickel Company, 
Inc., on the heat treatment and aging characteristics of nickel 
bronzes, has shown that exceptionally good properties can be im- 
parted to nickel bronzes. Thus, it is possible to obtain sand-cast 
nickel bronzes which, when aumealed and aged, develop a strength 
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in excess of 90,000 lbs./ sq. in., coupled with 2 Ui elongation of 15 % . 
Similarly, wrought nickel bronzes, when annealed and aged, de- 
velop a tensile strength of 135,000 lbs,/ sq. in., and 170,000 Ibs./sq. 
in. when hard-rolled and aged. 

Of specific interest are the bronzes with 7.5% nickel and 8% 
tin. The high properties of these heat-treatable and age-hardening 
bronzes, their amenability to cold working in the soft state, their 
ready machinability, particularly after slow cooling, and their rela- 
tively low cost, make them applicable wherever properties superior 
to the usual bronzes are required. 

NICKEL SILVERS WITH,' LOW NICKEL CONTENTS 

(Nickel Brasses) 

The simple and complex nickel brasses contain up to 5% nickel, 
although some may contain higher percentages. There are also 
modifications of these compositions containing manganese and iron. 
Table XIX shows the average compositions of the most commonly 
used nickel brasses: 


TABLE XIX 

Composition of Nickel Brasses 


Nickel 

Copper 

Zinc 

Others 

1.5 

54 

44 

0.5 iron 

2.5 

55 

43.5 


3.0 

60 

34 

2 iron, 1 manganese 

3.5 

55 

41.5 


5.0 

52.5 

39.5 

3 manganese 

5.0 

60 

24 

2 iron, 5 aluminum, 

6.5 

50.5 

43 

/4 lead 
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There is now on the market a series of trade-named nickel 
brasses. 

The addition of nickel to brass serves as a decolorizer and also 
to improve the mechanical properties and resistance to corrosion. 
This is leading to the gradual use of nickel brasses to replace plain 
brasses in industrial applications. 

COPPER-NICKEL ALLOYS 
Nickel and copper form solid solutions in all proportions, hence 
the large number of copper-nickel alloys of various compositions. 
Their manifold applications are due to their corrosion resistance, 
color and mechanical properties. Their principal uses are for con- 
denser tubes, corrosion-resisting castings and sheets, valves and 
valve trims, coinage, etc. The following Table XX gives the com- 
position of typical binary copper-nickel alloys: 


TABLE XX 

Composition of Typical Copper-Nickel Alloys 


Nickel 

Copper 

2.5 

97.5 

3.0 

97.0 

5.0 

95.0 

12.0 

88.0 

15.0 

85.0 

20,0 

80.0 

25.0 

75.0 

30.0 

70.0 

40.0 

60.0 

45.0 

55.0 
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In addition, there is a series of complex copper-nickel alloys, 
the compositions of which vary according to the service in which 
they are to be used. 

An important alloy of this group, ordinarily known as “Con- 
stantan,” contains approximately forty-five per cent, nickel with 
low manganese. This alloy combines high electrical resistivity 
with a low temperature coefficient of electrical resistance. In addi- 
tion, it has a xmiform and reproducible thermal electro-motive force 
toward either iron or copper. This property has led to the very 
general use of Constantan for electrical resistance wire, rheostats, 
etc., as well as for industrial thermocouples and thermo-electric 
pyrometers. 

Hardenable Copper-Nickel-Silicon or Copper-Nickel-Aluminum 
Alloys are amongst the latest Alloys to receive attention and will no 
doubt play an important part in future engineering progress. 

NICKEL COINAGE 

Coinage is also one of the oldest uses of nickel. Mention has 
been made in the historical introduction of the use of nickel alloys 
for coinage. The principal interesting development in recent times 
has been the substitution of pure nickel coinage for the older nickel- 
copper coinage started about 1850. After the first pure nickel Swiss 
coin was struck in 1881, there was a long period before other gov- 
ernments adopted pure nickel for token coinage. In recent years 
however the advantages of nickel over the alloys in common use 
have become very generally known, and at present (October 1934) 
the following 28 governments. Table XXI, have minted pure nickel 
coins (75 issues representing 72 denominations) : 
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TABLE XXI 

Governments Where Pure Nickel Coins Have Been Issued 


Albania 

Germany 

Mexico 

Angola 

Greece 

Montenegro 

Austria 

Hungary 

(now part of 

Belgium 

Kingdom of Iraq 

Morocco 

Canada 

Irish Free State 

Poland 

Danish West Indies 

Italy 

Siam 

Free City of Danzig 

Japan 

Switzerland 

Ecuador 

Latvia 

Turkey 

Ethiopia 

Luxembourg 

Vatican State 

France 


Zanzibar 


Pure nickel is particularly suited for coinage because its tough- 
ness makes it difficult to counterfeit. Also, as pure nickel is mag- 
netic, a counterfeit made from a non-magnetic alloy can be readily 
identified. Its wear resistance is of a high order and its inherent 
resistance to corrosion makes it a highly sanitary metal. 


NICKEL PLATING 

Nickel plating of iron and brass articles is perhaps the use best 
known to the general public. It is the form of nickel to which most 
minds turn when the word is mentioned. 

Nickel plating has for many years been rather an art than a 
science. It is carried out in a multitude of small plating shops under 
a wide variety of conditions. Within the last few years there has 
been a definite indication of improvement in the practice, through 
better control of the plating conditions. This, with improved meth- 
ods of preparation of work for plating, has resulted in substantially 
better nickel plated articles. 

There is a recent definite trend toward heavier coatings of 
nickel. The old standard plate of nickel was not more than one ten- 
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thousandth (0.0001) of an inch. In consequence, the plate was 
readily worn off. Many plating shops today are putting on a coat- 
ing as heavy as one thousandth (0.001) of an inch. Experience has 
shown that the heavier coatings will endure and preserve their 
appearance very much longer. The universal demand for better 
nickel plating on automobiles has been responsible for this improve- 
ment in the art. 

Nickel plating is applied now not only to ferrous products, but 
also to aluminum, zinc and their alloys. Successful chromium plat- 
ing depends on the presence of a nickel plated underlay. Great 
progress has also been made during recent years in the electrodepo- 
sition of a series of nickel alloys. Coating by spraying with nickel 
and nickel alloys is being practised to a certain extent. 

The building up of worn parts by the deposition of heavy nickel 
plates, Fescolizing — ^Fescol, Ltd., London — is now quite extensively 
applied. 


NICKEL FOR STORAGE BATTERIES 

The well-known Edison storage battery requires annually a sub- 
stantial amount of nickel, both for the active chemical constituents 
of the cell and for the plating of the various steel parts of which it 
is made. This cell is increasing in popularity, being used today to a 
large extent for power units of automobile trucks, mine locomotives, 
railway cars, factory and warehouse trucks, as well as for emer- 
gency light and power stand-by service. 

The Drumm battery, also of the nickel alkaline type, has been 
tested recently on the Irish Free State Railway with highly encourag- 
ing results. 
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The use of alkaline batteries for miners’ lamps has resulted in 
greatly facilitating the mining operations, especially in the danger- 
ous fire-damp collieries. 

NICKEL CATALYZERS 

Sabatier and Senderens discovered, about 1896, that finely 
divided nickel would catalyze the hydrogenation of unsaturated 
hydrocarbons. This discovery is now generally used for the produc- 
tion of solid edible fats from liquid imsaturated oils, such as cot- 
tonseed and peanut oils. Nickel for this purpose is sold chiefly in 
the form of nickel salts, particularly the carbonate and formate. 

Nickel catalyzers are also being used for the cracking of petro- 
leum, for the synthesis of higher hydrocarbons from acetylene, for 
the synthesis of alcohols from oxides of carbon, and also for the 
synthesis of ammonia and nitrates from nitrogen and its oxides. 

Recently, Sperr has developed a process for the desulphurizing 
of domestic coal-gas, which promises to utilize in the future a mod- 
erate amount of nickel catalyzer. 

LIGHT ALLOYS 

The demand for light alloys with good mechanical properties, 
especially for the automotive and aviation industries, is steadily 
increasing. 

“Y” alloy, developed by the National Physical Laboratory, in 
London, is the best known nickel-containing light alloy, having the 
strength of soft steel, good ductility and easily machinable. Range 
of composition: 1. 8-2.3% nickel, 3.5-4.5% copper, 0.2-1.7% 
magnesium, maximum 0.75% iron, maximum 0.75% silicon, bal- 
ance aluminum. 


• 55 • 



NICKEL— PAST AND PRESENT 


Another important type of nickel-containing light alloys are the 
“RR” alloys (Rolls-Royce), also known as “Hiduminium RR” 
alloys, developed in the Rolls-Royce Laboratory, of the composi- 
tion: 0.2-1.5% nickel, 0.2-5.0% magnesium, 0.5-2.0% copper, 
0.2-0.5% silicon, 0.7-1.5% iron, up to 0.25% manganese and 
titanium, balance aluminum. 

MALLEABLE NICKEL 

Nickel in forged or rolled form, or malleable nickel as it is 
usually called, has been known since 1865. Yet the extent of its 
manufacture has been small until lately, and its commercial uses 
have been restricted to wire, to coin blanks and to cooking utensils 
for restaurants and food processing plants. The recent development 
of seamless malleable nickel tubing has done much to further its use 
in the food and chemical industries. Other fields of application in- 
clude marine construction (bolts and turbine blading) ; petroleum 
(strainers); radio (wires, screens, grids, plates) and electrical 
(spark plug wires and electrodes in photo-electric cells) . 

NICKEL CLAD STEEL 

Related to the use of malleable nickel there has been recently 
introduced, on a commercial scale, mechanically applied nickel 
sheet to steel plates, for tanks and similar purposes. For economi- 
cal reasons the cladding of cheap materials with more expensive 
materials has come to be accepted as a sound practice. Pure nickel 
lends itself very readily to bonding on iron or steel. Nickel clad 
steel plates of to 1 ‘' thickness, with ten per cent, to twenty per 
cent, cladding, are being produced on a tonnage basis for storage 
ta nk s and chemical handling equipment, where a nickel surface is 
essential and a solid nickel plate would be too costly. 
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Progress in welding has contributed largely to the rapid devel- 
opment of nickel clad steel, which finds ready application in the 
chemical, dry cleaning, laundry, textile and food industries. 

MONEL METAL 

When certain of the Sudbury nickel-copper sulphide ores are 
smelted, bessemerized, roasted and the resulting oxides reduced, 
there is produced a natural malleable nickel-copper alloy. The aver- 
age composition of this alloy is 67% nickel and 28% copper with 
the balance mainly iron but also containing small amoimts of 
manganese, silicon, carbon (up to 0.26%) and sulphur (up to 
0.035%). First produced in 1905, this alloy has the trade name 
“Monel Metal.” 

Persistent research into the technical suitability of Monel Metal 
for various industrial and engineering applications, and field serv- 
ice in solving fabrication and corrosion problems, have combined to 
build up a large and diversified consumption for this alloy. By in- 
creasing the iron and manganese contents from the standard com- 
position, certain modifications of Monel Metal are now produced 
with special properties for particular uses. The addition of alumi- 
num makes an alloy with especially high physical properties. This 
is known as “K” Monel Metal. 

The construction of modem rolling mills devoted exclusively to 
the production of this and other high-nickel non-ferrous alloys and 
of malleable nickel, has been of the first importance in improving 
the quality of these products in malleability, conformity to engi- 
neering standards and finish. 

The pleasing appearance of Monel Metal, its good mechanical 
properties and resistance to corrosion have won for it a wide market. 
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Its highly diversified applications include pickling equipment in 
the steel industry, dye vats in the textile field, sinks, hot-water 
boilers and other kitchen equipment in homes; various types of 
equipment in the processing of foods, and pump rods, valves, agi- 
tators and other applications in the petroleum, pulp and paper 
industries. Two striking uses are being made at Boulder Dam 
where the valve seats of the four great water gates and the grout 
stops in the concrete work are Monel Metal. 

The erecting of modem rolling mills, devoted exclusively to the 
production of this high-nickel nickel-copper alloy and of malleable 
nickel has improved the quality of these products in malleability, 
conformity to engineering standards, and in finish and has opened 
the way to many fields of use. 

Changes in the properties of Monel Metal have been made by 
increasing the iron and manganese contents, also by the addition of 
aluminum, to obtain a product of especially high physical proper- 
ties, (“K” Monel Metal). 


INCONEL 

“Inconel” of the approximate composition 80% nickel, 14% 
chromium, 6% iron, recently developed by The International 
Nickel Company, Inc., presents the favourable combination of un- 
usually high corrosion resistance, strength and good working prop- 
erties. It can he easily forged, rolled and drawn, cast, machined 
and welded. Its properties are greatly enhanced by proper heat 
treatment. Inconel is particularly appropriate for dairy and other 
food-handling equipment, chemical apparatus, as well as equipment 
subject to severe weathering conditions. 
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MISCELLANEOUS 

In addition to the above briefly outlined typical groups of nickel- 
containing materials, there is also a series of other nickel alloys for 
specific industrial uses, among which are die casting alloys, bearing 
alloys, white metal alloys, white gold, etc. 

Approximately one thousand trade-named nickel-containing 
alloys are now on the market. 

There is also an important application of nickel oxide, espe- 
cially in the ceramic industry. 

CONCLUSION 

Converting swords into plow-shares has been a real experience 
in the nickel industry. From 1890 until the end of the World War, 
the building of great navies, with requisite ordnance, created a de- 
mand for nickel in ever increasing quantities. From 1914 to 1918 
this increasing demand reached its peak. Every source of nickel was 
tapped. The whole effort of the nickel industry was focused on get- 
ting out enough nickel to satisfy the demand. With the end of the 
war, the bulging market for nickel vanished. There were two possi- 
bilities available to the nickel producers to meet this serious change; 
economies in production, and the development of more diversified 
industrial uses for nickel and its alloys. 

Europe, occupied in stanching the wounds of war, could not 
immediately enter upon an era of industrial development. The 
immediate market was America. With the pressure for production 
removed, economies were introduced, resulting in substantial lower- 
ing of production costs. The products were improved in quality and 
new ones suitable for new industrial uses were brought out. The 
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building of rolling mills especially designed for the rolling of 
nickel and Monel Metal made these products, with superior strength, 
uniformity, appearance, and corrosion-resistance, available in 
quantity. 

Information on all nickel-bearing products was carried to indus- 
trial engineers. Service and cooperation were offered. The war had 
stimulated unprecedented thought and research, engineers were 
looking for better materials, and new products were eagerly inves- 
tigated. A foundation was carefully laid upon which substantial 
commercial activity was built. This method, used in both the ferrous 
and non-ferrous fields of opportunity, proved practical and effective. 

In short, through active effort of the nickel companies, with the 
assistance and cooperation of the metal industries generally, peace- 
time uses of nickel have been increased and multiplied, with a result- 
ant recovery in the nickel market. 

Manufacturing policies today include serious consideration of 
the supply of raw materials for years ahead. There is not only the 
question whether this or that material will build a better machine, 
but also whether there is plenty of that material readily available. 
In the case of nickel this question has been answered in the affirm- 
ative by Nature’s lavish deposits in Canada. There is enough nickel 
ore, of good quality, in the Ontario mining area alone, to supply the 
world’s needs at the present rate for a century. 

The nickel industry thus enters the current industrial era on a 
sound footing. It is well equipped in resources and has high quality 
products to meet an ever increasing demand. The future years are 
full of promise. 
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A SELEaED BIBLIOGRAPHY ON NICKEL 


T IS obviously out of place to give here a complete bibliography 
on nickel, since it is at this date very highly specialized and cov- 
ers tens of thousands of references. 

The following are selected for their historical value and com- 
prehensiveness of the respective subjects. 


GENERAL 

“Report of the Ontario Nickel Commission.” — ^Printed by order of the Legislative 
Assembly of Ontario. Published by A. T. Wilgress, Toronto, 1917, 584 pp., "with 
Appendix, 219 pp. 

“Nickel and its Alloys.” — U. S. Bureau of Standards, Circular No. 100, Second 
Edition, 1924, 162 pp. 

“The Nickel Industry,” by P. D. Merica. — Bull. Canadian Mining and Met. Inst. 
No. 166 , 1926, pp. 173-212. 

“Nickel and its Alloys,” by A. J. Wadhams. — Mining and Metallurgy, v. 10, 1929, 
pp. 183-189. 

“The Story of a Great Canadian Industry, International in Scope.”— Special Num- 
ber of the “Sudbury Star,” issued on the occasion of the Golden Jubilee of the Cana- 
dian Mining Industry, 1883-1933, 1933, 56 pp. 

“The Mineral Industry.” — Published yearly by The McGraw-Hill Book Co., New 
York. — Contains each year a chapter on Nickel, covering statistics and engineering 
progress. 

“Minerals Yearbook of the United States” (formerly “Mineral Resources of the 
United States”) . — Published yearly by the U. S. Bureau of Mines. — Contains each year 
a chapter on Nickel, 


HISTORICAL 

“Observations and Experiments made with an Ore feom the Cobalt Mine of Loos 
in the Parish of Farila, Helsingland,” by Axel F. C^ionstedt.— Kunglig. Svenska Vet- 
enskaps Akademien, 1751 and 1754. Translation in Abhandlungen der Wissenschaft- 
lichen Naturlehre, v. 13, 1755, pp. 293-297 and v. 16, 1756, pp. 38-44. — ^The description 
of the discovery of Nickel. 

“Pak-Fong, A Chinese White Metal,” by Gustav Von Engestrom. — Kunglig. 
Svenska Vetenskaps Akademien, 1776. Translation in Abhandlungen der Wissenschaft- 
lichen Naturlehre, v. 38, 1776, pp. 40-42. — ^The presence of nickel in the alloy was defi- 
nitely established. 
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“A New Perfect Metal Present in Entirely Purified Nickel,” by J, B. Richter. — 
Crele Chem. Annalen, v. 2, 1803, pp. 261-265 ; Annales de Chimie, v. 53, 1805, pp. 164- 
183; and v. 54, 1805, pp. 302-311.— Description of the first preparation of pure nickel 
and its properties. 

“Discovery of the Creighton Mine,” by A. Murray.— U. S. Geological Survey, 1853- 
1856, pp. 168, 169, 176, 181. 

“Essay on the Geological and Mineralogical Resources of New Caledonia,” by J. 
Garnier. — ^Annales des Mines, v. 12, 1867, pp. 1-92. 

“On the Manufacture of Ductile Nickel and Cobalt and the Applications of these 
Metals in a State of Purity,” by T. Fleitmann. — Berichte d, deutsch. Chem. Ges., v. 12, 
1879, pp. 454-455. — Description of the method of producing malleable nickel. 

“Alloys of Nickel and Steel,” by James Riley.— J. Iron and Steel Inst., 1889-1, pp. 
45-55 ; Disc. pp. 56-77. — Generally regarded as the pioneer paper on nickel steels. 

“Nickel,” by W. L Austin.— Proc. Colorado Scientific Soc., v. 4, 1891-1893, pp. 
373-394. 

“Alloys of Iron and Nickel,” by Robert A, Hadfield. — ^Minutes of Proceedings of 
the Institution of Civil Engineers, v. 138, 1898-1899, Part IV, pp. 1-60 ; Appendixes, pp. 
61-125 ; Disc. pp. 126-167. — Summary of the knowledge on nickel. 

“The Use of Meteoric Iron by Primitive Man,” by G- F, Zimmer. — Iron and Steel 
Inst., V. 94, 1916-11, pp. 306-349 ; Disc. pp. 350-356. 

“The Story of the Nickel Industry,” by A. J. Waohams. — ^Metals and Alloys, v. 2, 
September 1931, pp. 166-175. 


NICKEL MINING, SMELTING, REFINING 

“Nickel. The Occurrence, Geological Distribution and Genesis of its Ore Deposits,” 
by P. Argaix. — Proc. Colorado Scientific Soc., v, 4, 1891-1893, pp. 395-421. 

“The Orford Nickel Process,” by R. M. Thompson. — Mineral Industry, v. 1, 1892, 
pp. 357-358. 

“Extraction of Nickel from its Ores by the Mond Process,” by W. C. Roberts- 
Austin. — Proc. Inst. Civil Engineers, v. 135, 1898, pp. 29-53. 

“Handbook of Metallurgy,” by C. Schnabel.— Published by Macmillan Co., Lon- 
don, 1898, V. 2, pp. 496-596. — ^A complete monograph on nickel. 

“Nickel Smelting by the Mond Process,” by A. P. Coleman. — Can. Dept of Mines, 
Bui. 170; Mining and Scientific Press, v. 107, 1913, pp. 412-417. 

“Nickel Metallurgy,” by Leon Guillet.— Genie Civil, v, 75, 1919, pp. 473-481, 507- 
510, 532-535, 565-569, 590-593. 

“Nickel Ores,” by W. G. Rumbold.— Published by John Murray, London, 1923, 
81 pp. — A summary, 

“The Inco Enterprise.”— Engineering & Mining J., v. 130, November 10, 1930, pp. 
423-497, — Special issue giving a concise summary of all the phases in the metallurgy of 
nickel. 

“Nickel Mining, Smelting and Refining,” by W. T, Griffiths. — School Science 
Rev., V. 13, December 1932, pp. 131-138; and v. 14, March 1933, pp. 306-313. 

“Malleability of Nickel and of Monel Metal,” by 0. W. Ellis. — ^J. Inst. Metals, 
V. 54, 1934, Advance Copy No. 662, pp. 149-164. 
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NICKEL USES 

Electroplating and Cladding 

“Remarks on Plating with Nickel and other Metals,” by R. Boetger.— J. prakt. 
Chemie, v. 30, 1843, pp. 267-271. 

“Electrodeposition of Cobalt and Nickel,” by 0, P. Watts. — ^Trans. Am. Electro- 
chemical Soc., V. 23, 1913, pp. 99-152. 

“Principles of Electroplating and Electrofonning,” by W. Blum and G. B. Hoga- 
BOOM. — Published by the McGraw-Hill Book Co., New York, 1924. — Chapter on 
nickel plating. 

“Rebuilding by Electrodeposition (FescoUizing),” by T. E. Stanton.— Metal In- 
dustry, New York, v. 22, 1924, pp. 123-124. 

“Electrodeposition of Iron-Nickel Alloys,” by S. Glasstone and T. E. Symes. — 
Trans, Faraday Soc., v. 34, 1928, pp, 370-378. 

“The Hai’dness of Electro-Deposited Nickel,” by D. G. Macnaughtan and A. W. 
Hothersaix. — ^Trans. Faraday Soc., y. 24, 1928, pp. 387-400, 497-509; and v. 25, 1929, 
pp. 15-20. 

“Electrodeposition of Copper-Nickel Alloys,” by L. E. Stout, 0. G. Burch and 
A. S. Langdorf. — Trans. Am, Electrochemical Soc., v. 57, 1930, pp. 113-129. 

“Nickel-Clad Steel Plate Work,” by W. G. Humpton, F. P. Huston and R. J. 
McKay. — Mining and Metallurgy, v. 12, 1931, pp. 90-93. 

“Welding Practice for Nickel-Clad Steel Plate,” by F. P. Huston.— Welding Engi- 
neer, V. 17, No. 9, 1932, pp. 24-29. 

“A Study of the Structure of Electrodeposited Metals,” by L B. Hunt. — J. Physical 
Chemistry, v. 36, 1932, pp. 2259-2271, 

“Faraday — Electroplating in his Time and Today,” by G. B. Hogaboom. — ^Mo. Rev. 
Am. Electroplaters’ Soc., v. 20, No. 2, 1933, pp. 6-16. 

“The Electrodeposition of Iron-Copper-Nickel Alloys,” by L. E. Stout. — ^Trans. Am. 
Electrochemical Soc., v. 64, 1933, pp. 271-282. 

“The Mechanism of Electrodeposition,” by L. B. Hunt. — ^Trans. Am. Electrochem- 
ical Soc., V. 65, Preprint, 1934, 11 pp. 


Catalysis 

“Hydrogenation of Oils by Means of Nickel,” by Sabatier and Senderens. — ^An- 
nales de Chimie Physique (8) , v. 4, 1907, pp. 319-488. 

“How I Have Been Led to the Direct Hydrogenation Method by Metallic Catalysts,” 
by P. Sabatier. — Indus, Engng. Chemistry, v. 18, 1926, pp, 1005-1008, 

“A Study of the Mechanism of the Catalytic Decomposition of Esters by Nickel,” 
by J. N. Pearce and C, N. Ott.— J. Physical Chemistry, v. 31, 1927, pp. 102-114. 

“Hydrogenation of Petroleum Products,” by A. Sakhanov and B. Tarasov. — 
Petroleum Zft., v. 28, No. 46, 1932, pp. 1-4. 
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‘‘The Present Position of the Theory of Ammonia Catalysis,” by W, Franken- 
BERGER. — ^Zft. fiir Elektrochemie, v. 39, 1933, pp. 45-50. 

“Direct Oxidation of Saturated Hydrocarbons at High Pressures,” by P. J. Wieze- 
YITCH and P. K. Frohlich. — Indus. Engng. Chemistry, v. 26, March 1934, pp. 267-276. 


Storage Batteries 

“The New Edison Storage Battery,” by A. E. Kennelly.— Trans. Am. Inst. Electr. 
Engineers, v. 18, 1901, p. 219. 

“Operation and Care of Vehicle Type Batteries.” — U. S. Bureau of Standards, BuL 
No. 92, 1920. 

“Alkaline Accumulators,” by J. T. Grennell and F. M. Lea. — ^Published by Long- 
mans, Green and Co., Ltd., London, 1928. 

“Nickel-Cadmium Alkaline Battery,” by F. W. Mann. — ^Mining Electr, Eng., v. 11, 
1931, pp. 329-335 ; Disc, pp. 335-337, 

“Alkaline Accumulators and their Use in Marine Engineering,” by F. W. Mann. — 
Trans. Inst. Marine Eng., v. 44, 1932, pp. 378-388. 

“The Drumm Battery in Relation to Railway Electrification,” by I. M. Fay and 
J. J. Drumm. — Railway Engineer, v. 59, 1933, p. 280. 

“Nife Accumulators for Electric Traction,” by K. Pollin. — Batterien, January 1934, 
pp. 225-234. 


Coinage 

“Development of the Use of Nickel in Coinage,” by F. R. Barton. — J. Inst. Metals, 
1926-n, pp. 121-132; Disc, pp, 132-136. 

“Nickel Coins.”— Book printed by The International Nickel Co., Inc., 1930, and 
Supplement June 1933, — ^Illustrations and description of the various coins issued by 
different countries. 

“Nickel Coinage,” by J.Dhavernas.— Revue du Nickel, v. 1, 1930, pp. 6-8, 70-71, 85, 
113-118. 


MISCELLANEOUS 

“Pure Nickel Wire,” by E. S, Sperry. — ^Metal Industry, New York, v. 1, 1903, p. 112, 
“Pure Sheet Nickel,” by S. M. Tracy. — ^Metal Industry, New York, v. 16, 1918, p. 95. 

“Manufacture of Nickel Tubing,” by F. L. Prentiss.— Iron Age, v. Ill, 1923, pp. 
743-744. 

“Textbook of Inorganic Chemistry,” by J, Newton Friend.— v, IX, Part I, 1922, 
(Section on nickel chemicals, pp. 109-134) . 

“Nickel Spinning,” by E. Heller.— Machinery, New York, v. 28, 1922, pp. 972-976, 

“Practical Uses of Pure Nickel,” by R. J. McKay.— Trans, Am. Electrochemical 
Soc., V. 52, 1927, pp. 341-345; Disc. pp. 345-347. 

“Mechanical Properties of Nickel Wires,” by C. E. Ransley and C, J. Smitheixs,— 
J. Inst. Metals, 1932-11, pp. 287-298; Disc. pp. 298-300. 
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“The Place of Nickel in Radio Tube Manufacture,” by A. J. Marino.— Electronics, 
V. 6, January 1933, pp, 4-5. 

A series of special publications issued by The International Nickel Co., Inc., 
New York; Bureau of Information on Nickel, London; Centre d’Infonnation du Nickel, 
Paris; Nickel Informationsburo, Frankfurt a/M. 


NICKEL ALLOYS 

General 

“Alloys of Nickel,” by G. Voss.— Zft. anorg. Chemie, v. 57, 1907, pp. 34-71. 

“Nickel-Bearing Alloys,” by A. Portevin.— Revue de Metallurgie, v. 5, 1908, pp. 
273-282. 

“Non-Ferrous Nickel Alloys,” by J. Cournot.— Revue de Metallurgie, v. 24, 1927, 
pp. 740-763. 

“Heat Treatment of Alloys,” by C- M. Walter. — J, Soc. Chem. Ind., v. 47, 1928, 
pp. 791-797. 

“The X-Ray Investigation of Alloys,” by C. F. E3 :.am. — J. Inst. Metals, 1929-1, pp. 
329-397. 

“A list of Alloys,” by W. Campbell. — ^Proc. Am. Soc. Test. Materials, v. 30-1, 1930, 
pp. 336-397. 

“Age-Hardening of Metals,” by P. D. Merica. — ^Trans. Am. Inst. Mining Met. 
Engrs., Inst, of Metals Division, v. 99, 1932, pp. 13-54. 


Nickel Silvers 

“Microstructure of Nickel Silvers,” by 0. F. Hudson. — Inst. Metals, 1913-1, pp. 
109-112; Disc. pp. 113-119. 

‘The Annealing of Nickel Silver,” by F. C. Thompson. — J, Inst. Metals, 1916-1, 
pp. 230-260; Disc. pp. 261-263; and 1917-1, pp. 119-135; Disc. pp. 136-140. 

“Mechanical Properties of Nickel Silvers,” by F. C. Thompson and K Whitehead. 
— J. Inst. Metals, 1922-1, pp. 227-259; Disc. pp. 260-266. 

“Tutenag and Paktong,” by A. Bonnin. — Oxford University Press, 1924, 98 pp. 
“Press Work on Nickel Silvers,” by A. L. Walker. — ^Machinery, London, v. 33, 
1928, pp. 466-467; and v. 34, 1929, pp. 569-570. 

“Nickel Silvers (Maillechorts),” by H. Cournot and F. Hiltbold.— Revue du 
Nickel, V. 5, January 1934, pp. 16-33. 

A series of special publications issued by The International Nickel Co., Inc., 
New York; Bureau of Information on Nickel, London; Henry Wiggin and Co, Ltd., 
Birmingham; Centre d’Information du Nickel, Paris; Nickel Mormationsburo, Frank- 
furt a/M. 


Nickel Brasses 

“Nickel Brasses,” by L. Guillet. — Comptes Rendus, v. 155, 1912; pp. 1512-1514; 
Revue de Metallurgie, v. 10, 1913, pp. 1130-1144. 
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“Recent Researches on Nickel Brasses,” by L. Guillet.— Comptes Rendus, v. 171, 
1920, pp. 171-173; Revue de Metallurgie, v. 17, 1920, pp. 484-493. 

“Various Nickel Brasses and their Heat Treatments,” by L. Guillet.— Comptes 
Rendus, v. 180, 1925, pp. 1268-1271; Revue de Metallurgie, v. 22, 1925, pp. 383-394. 

“Nickel Brasses,” by A. C. Sturney.— Metal Industry, London, v. 33, 1928, pp. 
486-488, 494 and 521. 

“On A Simplified Method for the Manufacture of Special Brasses,” by A. Le 
Thomas. — ^Revue de Metallurgie, v. 28, 1931, pp. 518-523. 

A series of special publications issued by The International Nickel Co., Inc., 
New York; Bureau of Information on Nickel, London; Centre d’Information du Nickel, 
Paris; Nickel Informationsbiiro, Frankfurt a/M. 


Nickel Bronzes 

“The Utilization of Nickel Bronze as Antifriction Metal,” by R. Adan. — Engineer- 
ing, V. 87, June 11, 1909, p. 781. 

“Wear and Mechanical Properties of Railroad Bearing-Bronzes at Different Tem- 
peratures,” by H. J. IIrench, S. J. Rosenberg, W. L. Habbaugh and H. C. Cross. — 
Bureau of Standards J. of Research, v. 1, 1928, pp. 343-421. 

“Some Effects of Nickel on Bronze Foundry Mixtures,” by N. B. Pilling and T. E. 
Kihlgren. — ^Trans. Am. Foundrymen’s Assoc., v. 39, 1931, pp. 93-110; Disc. pp. 110-114. 

“Strength and Ageing Characteristics of Nickel Bronzes,” by E. M. Wise and J. T. 
Eash.— Am. Inst. Mining Met. Engrs., Inst, of Metals Division, Tech. Publ. No. 523, 
February 1934, 25 pp. 

“Thermal Expansion of Bearing-Bronzes,” by P. Hidnert. — Bureau of Standards 
J. of Research, v. 12, March 1934, pp. 391-400. 

A series of special publications issued by The International Nickel Co., Inc., 
New York; Bureau of Information on Nickel, London; Centre d’Information du Nickel, 
Paris; Nickel Informationsburo, Frankfurt a/M. 


NICKEL-COPPER ALLOYS 

“Nickel-Copper Alloys,” by P. D, Merica. — Chem. and Met. Engng., v. 24, 1921, 
pp. 558-560. 

“Endurance Properties of AUoys of Nickel and Copper,” by D. J. McAdam, Jr. — 
Trans. Am. Soc. Steel Treating, v. 7, 1925, pp. 54-81, 217-236 and 581-617. 

“The Mechanical Properties at High Temperatures of Alloys of Nickel and Cop- 
per,” by H. J. Tapsell and J. Bradley.— J. Inst. Metals, 1926-1, pp. 75-105. 

“Study of Nickel-Copper Alloys,” by A. Krupkowski.— Thesis presented before the 
Polytechnic School of Warsaw, Poland — ^Translation by W. Klomowicz. — Revue de 
Metallurgie, v. 26, 1929, pp. 130-153 and 191-207. 

“Constitution of Nickel-Copper Alloys,” by N, B. Filling and T. E. Kihlgren. — 
Trans. Am. Soc. Steel Treating, v. 15, 1929, pp. 1061-1062. 

“Copper Alloys Used in Marine Engineering,” by M. Ballay.— Aciers Speciaux, 
V, 6, November 1931, pp. 560-574. 
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“Copper-Nickel Tubes, Tbeir Advantages for Steam Condensers,*’ by R. Worthing- 
ton. — Metal Progress, v. 24, July 1933, pp. 20-24. 

A series of special publications issued by The International Nickel Co., Inc., 
New York; Bureau of Information on Nickel, London; Centre d’lnformation du Nickel, 
Paris; Nickel Informationsburo, Frankfurt a/M. 


MONEL METAL 

“Manufacture of Nickel-Copper Alloys,” by Ambrose Monelx.— United States 
Patent No. 811,239, 1906. 

“Monel Metal and its Uses,” by F. J. Thompson. — Engineering & M inin g J., v. 91, 
1911, pp. 223-224. 

“Some Notes on Monel Metal,” by W. Campbell. — ^Trans. Can. Mining Eng., v. 16, 
1914, pp, 241-254 

“Monel Metal,” by P. D. Merica. — Chem. and Met. Engng., v. 24, 1921, pp, 291-294, 

“Mechanical Properties of Hot Rolled Monel Metal,” by P. D. Merica, R. G. Wal- 
tenberg and A. S. McCabe. — ^Proc. Am. Soc. Test. Mat., v. 21, 1921, pp. 922-939. 

“Monel Metal,” by W- McCullough. — ^Proc. Inst. British Foundrymen, v. 22, 1928- 
1929, pp. 779-805. 

“Monel Metal and Nickel Foundry Practice,” by K S. Wheeler. — Am. Inst. Mining 
Met. Engrs., Tech. Paper No. 298, 1930, 9 pp. 

“Some Typical Uses and Properties of Monel Metal,” by E, S. Wheeler and R. J. 
McKay. — Proc. Eng. Soc. Western Pennsylvania, v. 37, 1932, pp. 311-330. 

A series of special publications issued by The International Nickel Co., Inc., 
New York; Bureau of Information on Nickel, London; Henry Wiggm and Co. Ltd., 
Birmingham; Centre d’lnformation du Nickel, Paris; Nickel Informationsburo, Frank- 
furt a/M. 

Periodical “Inco” issued quarterly by The International Nickel Co., Inc. — ^Devoted 
specihcally to Monel Metal. 


NICKEL-IRON ALLOYS 

General 

“On the Alloys of Steel,” by J. Stodart and M. Faraday.— Philos, Mag., v. 60, 1822, 
pp. 363-364. 

“Iron-Nickel Alloys,” by P. D. Merica.— Chem. and Met. Engng., v. 24, 1921, pp. 
375-378. 

“The Constitution of Alloys of Iron and Nickel,” by D. Hanson and J. B. Free- 
man.— J. Iron Steel Inst., 1923-1, pp. 301-314; Disc. pp. 315-321. 

“Ferro-Nickels,” by M. Peschard.— Revue de Metallurgie, v. 22, 1925, pp. 490- 
514, 581-609 and 663-685. 

“Constitution of Iron-Nickel Alloys,” by P. D. Merica. — ^Trans. Am. Soc. Steel 
Treating, v. 15, May 1929, pp. 881-883. 
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**Aii Investigation on Some of the Physical Properties of the Iron-Nickel-Chromium 
^tem,” by W. A. Dean, — Rensselaer Polytechnic Inst,, Eng. and Sci. Series, Bui. 26, 
me 1930, pp. 33-55. 

“The Nickel-Iron-Copper System,” by P. R. Kosting.— Rensselaer Polytechnic 
ist, Eng. and Sci. Series, Bui. No. 26, June 1930, pp. 5-27. 

“On the Structure of Iron-Nickel Alloys,” by W. Broniewski and J, Smohnski.— 
lomptes Rendus, v. 196, 1933, pp. 1793-1796. 


Corrosion-Resistant Alloys 

“Acid Resisting Alloys,” by C, Maticnon.— Comptes Rendus, v. 166, 1918, pp. 815- 
118 ; Chimie et Industrie, v. 2, 1919, pp. 1283-1302. 

“Heat and Acid Resisting Alloys,” by J. F. Kayser.— Trans. Faraday Soc., v, 19, 
L923, pp. 184-195. 

“Stainless Iron and Steel,” by J. H. G. Monypenny.— Published by John Wiley 
AND Sons, New York, 1926, 304 pp. 

“Acid Resisting AUoys,” by W. Rohn. — ^Zft. fiir Metallkunde, v. 18, 1926, pp. 387- 
399. 

“Strength of Non-Coirosive ARoys at High Temperatures,” by P. G. McVetty and 
N. L Mochel.— Trans. Am. Soc. Steel Treating, v. 11, 1927, pp. 73-100 and 169. 

“Nickel Alloys and Corrosion,” by A. Portevin.— -Revue de Metallurgie, v. 24, 
December 1927, pp. 697-714. 

“The Brittle Range in 18/8 Chromium-Nickel Steel,” by H. H. Lester.— Trans. 
Am. Soc. Steel Treating, v. 16, 1929, pp. 743-761; Disc. pp. 761-770. 

“Resistance of Iron-Nickel-Chromium Alloys to Corrosion by Acids,” by N. B. 
Pilling and D. E, Ackerman.— Am. Inst. Mining Met. Engrs., Techn. Publ. No. 174, 
1929, pp. 3-33. 

“The Welding of Stainless-CJad Steel,” by S. L Ingersoll.— Welding Engineer, v. 
17, October 1932, pp. 27-28. 

“Casting of Corrosion Resistant Steels,” by J. Strauss,— Proc. Am. Soc. Test. Mat., 
v.32-n, 1932, pp. 213-230. 

“Manufacture, Properties and Uses of 18/8 Chromium-Nickel Steel Wire,” by 
W, H. Wills and J. K. Findley.— Trans. Am. Soc, Steel Treating, v. 20, August 1932, 
pp. 97-114. 

“The Nature and Prevention of Intergranular Corrosion in Austenitic Stainless 
Steels,” by E. C. Bain, R. H. Adorn and J. J. B. Rutherford.— Trans. Am. Soc. Steel 
Treating, v. 21, June 1933, pp. 481-509. 

“Alloy Modifications of 18/8,” by J. A. Mathews.— Metal Progress, v. 24, Septem- 
ber 1933, pp, 13-17. 

“The Book of Stainless Steels,” Edited by E, E. Thum.— Published by the Am. 
Soc. Sted Treating, Qeveland, Ohio, September 1933, 631 pp. 

“Effect of Columbium in Chromium-Nickel Steel,” by F. M. Becket and R. 
Pranks,— Metal Technology, Am. Inst, Mining and Met. Engrs. Techn. Publ. No. 519, 
January 1934, 14 pp. 
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A series of special publications issued by The International Nickel Co., Lac., 
New York; Bureau of Information on Nickel, London; Centre d’Information du Nickel, 
Paris; Nickel Infonnationsbiiro, Frankfurt a/M. 


Electrical Resistance Alloys 

“Nickel-Chromium and Electric Furnaces,” by W. A, Gatwabd. — ^Proc. Steel Treat- 
ing Research Soc., v. 2, 1920, pp. 11-14, 16-17, and 37. 

Nickel-Chromium Alloys,” by L. 0. Hart. — Trans. Am. Soc. Meehan. Engrs.. v. 
64, 1921, pp. 554-565. 

“Some Electrical Properties of Alloys at High Temperatures,” by M. A, Hunter 
and A. Jones. — ^Proc. Am. Soc. Test. Mat., v. 24-11, 1924, pp. 401415, 

“Some Electrical Properties of Copper-Nickel-Manganese Alloys,” by N. B. PnxiNC. 
— ^Trans. Am. Electrochemical Soc., v. 48, 1925, pp. 171-186. 

“Nickel-Chromium Alloys in Electrical Resistance Heating,” by W. R. Barclay and 
G. E. M. Stone. — Electrical Times, v. 73, 1928, pp. 82-84. 

“X-Ray Studies on the Nickel-Chromium System,” by E. R. Jette, V. H. Nord- 
strom, B. Queneau, and F, Toote. — ^Metals Technology, Techn. Paper No. 522, of the 
Am. Inst. Mining Met. Engrs., January 1934, 11 pp, 

A series of special publications issued by The International Nickel Co,, Lac., 
New York; Bureau of Information on Nickel, London; Henry Wiggin and Co. Ltd., 
Birmingham; Centre d’Information du Nickel, Paris; Nickel Infonnationsburo, Frank- 
furt a/M. 


Heat Resistant Alloys 

“A Study of the Properties of Alloys at High Temperatures,” by G, D. Bengough, 
— J. Inst. Metals, 1921-1, pp. 123-190. 

“Available Data on the Properties of Non-Ferrous Metals and Alloys at Various 
Temperatures,” by C. Upthegrove and A, E. White.— Proc. Am, Soc. Test. Mat,, v. 
24-11, 1924, pp. 88-141. 

“Effect of Temperature on Metals and Alloys in the Notched Bar Impact Test,” by 
R. H. Greaves and J. A. Jones.— J. Inst. Metals, 1925-n, pp. 85-101. 

“High Temperature Resisting Alloys,” by A. Fry.— Kruppsche Monatshefte, v. 7, 
1926, pp. 165-172. 
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